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October, 1978 ' Executive
Summary

A LONG-TERM MORTALITY STUDY OF WORKERS
OCCUPATIONALLY EXPOSED TO METALLIC NICKEL
AT THE OAK RIDGE GASEQUS DIFFUSION PLANT

This study was undertaken to determine whether mortality from respiratory
cancer among workers occupationally exposed to airborne metallic nickel
at the Oak Ridge Gaseous Diffusion Plant (ORGDP) differed from that of
workers at the same plant with no record of occupational exposure to
metallic nickel or any nickel compound. Two cohorts were identified;
one of 814 nickel-exposed workers and a 1,600-worker control group.

Both groups were employed at ORGDP prior to 1954 and data were collected
through 1973.  The members of both cohorts, therefore, had a minimum
follow-up of 19 years. Mortality from respiratory cancer and from other
causes was examined in both groups and the data indicated no discernible
adverse effect on the nickel workers as compared to the control group.

Previous studies on other nickel compounds, such as impure nickel sulfide
(Ni3Sp), showed significantly increased incidence of cancer of the lung

and of the nasal cavities. In the present study, no increased incidence
rates of these types of cancer were found in workers exposed to the air-

borne metallic nickel in the barrier manufacturing operation. This sug-
gests that the proposal by NIOSH to use the generic approach to establish
nickel exposure standards is not valid, but rather, that the occupational

standards for metallic nickel and its compounds should be considered
separately. ‘

During the period from 1948 to 1963, the median nickel concentration for
3,044 routine air samples was 0.13 mg/cu m. In retrospect, evaluation
of the air monitoring data reported at that time indicates that the data
may be biased toward the low side and the workers probably were exposed
to higher concentrations. Current levels of nickel concentrations--
under considerably improved work conditions and well within present
standards--are higher than the historical data.

The results of the study have failed to demonstrate that airborne metal-
1ic nickel is a carcinogen in humans. Although the workers employed in
the barrier plant had substantial exposures to airborne metallic nickel,
they have experienced no increased risk of developing malignancies of
the respiratory system. They actually had fewer deaths from this cause
than expected. If airborne metallic nickel is a carcinogen, very high

exposures for a long period of time must be required to trigger the
malignant process.




- ABSTRACT

This study was undertaken to determine whether mortality from res-
piratory cancer among workers occupationally exposed to metallic nickel
at the Oak Ridge Gaseous Diffusion Plant (ORGDP) differed from that of
workers at the same plant with no record of occupational exposure to
metallic nickel or any nickel compound. A cohort of 814 nickel-exposed
workers and one of 1600 controls were identified. The members of both
cohorts had a minimum follow-up period of 19 years. Mortality from fes—
piratory cancer and from other causes was examined in both groups.

The data showed no evidence of an increased risk of morta]ityvdue to
respiratory cancer among the nickel-exposed workers. The exposed co-
hort experienced Tower mortality than the controls, both in deaths due

to respiratory cancer and in deaths due to all causes, although neither

of these differences was statistically significant.




BACKGROUND

Epidemiologic studies conducted in Wales, Canada, Norway, and the
Soviet Union have shown a significantly increased incidence of cancer of
the lung and of the nasal cavities in workers empioyed in certain nick-
el refining operations,] The increased risk of developing respiratory
cancer was particularly associated with the high temperature oxidation
of impure nickel sulfide (Ni352) by the now-obsolete processes of cal-
cining and sintering. The carcinogen or carcinogens responsible for
these increased risks have not been specifically identified inasmuch as
the workers were exposed to dusty atmospheres containing several inor-
ganic nickel compounds as well as to known carcinogens such as arsenic
and polynuclear aromatic hydrocarbons. However, it is known that work -
ers employed in the calcining and sintering operations were not exposed
to airborne metallic nickel. Furthermore, the metal was unlikely to
have been a significant atmospheric contaminant in any of the other re-
fining operations associated with an increased risk of respiratory can-
cer.

The results of animal studies on the carcinogenic effects of ex-
posure to airborne nickel metal are equivocal. No animals have devel-
oped tumors following exposure to airborne nickel metal, although meta-
‘plastic changes were noted in the lungs of exposed rats and guinea pigs.
Hamsters showed no effects attributable to exposure to metallic nick-

el.z




~The observation of metaplastic changes in some animals éxposed to
nickel metal coupled with the assumption that "... air oxidation of fine
dusts of nickel metal‘probably results in inhalation of nickel oxide by
workers exposed to airborne nickel meta]“3 has led the National Insti-
tute of Safety and Health (NIOSH) to declare that metallic nickel must
be considered a suspect carcinogen.

In view of the uncertainty about the carcinogenicity of metallic
nickel, it seemed desirable to investigate whether adverse health ef-
fects could be detected in humans exposed to metallic nickel dust.

Such a group was identified among employees of the QOak Ridge Gaseous
Diffusion Plant (ORGDP) of Union Carbide Corporation's Nuclear Division
(UCC-ND) in Oak Ridge, Tennessee. In one department of the ORGDP, fine-
ly divided, high-purity, metallic nickel powder is used to manufacture
"barrier," a special porous medium employed in the isotopic enrichment
of uranium by gaseous diffusion. The metallic powder is not oxidized
during processing. The present study examines the possible effects of
occupational exposure to metallic nickel on the mortality experience of
the barrier workers, with particular reference to respiratory cancer.
STUDY DESIGN

This epidemiologic investigation was designed:to determine whether
mortality due to respiratory cancer was affected by exposure to metal-
Tic nickel in the barrier manufacturing environment. To do this, the
mortality of workers who were first occupationally exposed to metallic

nickel before 1954 was compared with that of workers at the same plant

who had no record of any occupational exposure to metallic nickel or to




nickel compounds during their employment at ORGDP. The mortality ex-
perience of the exposed and control groups was also compared with that
expected in these two cohorts based on the experience of the appropri-
ate subgroups of the United States population.

Selection of Exposed and Control Populations - Manufacture of barrier

using nickel powder began at ORGDP in January, 1948. The work histor-
jes of 980 ORGDP employees carry a department code indicating they work-
ed in the barrier plant sometime between January 1, 1948, and the end
of the study period on December 31, 1972. Since 852 of these 980 work-
ers were hired directly into, or were transferred to,the barrier plant
before January 1, 1954, it was decided to study only this pre-1954
group, thereby assuring a potential observation period of at least

nineteen years for each exposed individual. A1l of the 852 employees

who worked in the barrier plant before 1954 were whites; 814 of these
workers were males and 38 were females. Because of the limited number
of female empioyees, ana]ysis was limited to the white males.

The duration of employment of these 814 white male employees in
the barrier plant during the study périod ranged from a minimum of
three days to a maximum of 25 years, with an average employment period
of 5-1/3 years and a megian of 3-3/4 years. The distribution of the
duration of employment of these employees is shown in Figure 1. There
are 653 employees who worked in the barrier plant more than a year,
while 71 worked there less than six months, and six of these worked
less than one month. In addition.to employment in the barrier plant,

two-thirds of the 814 men also worked in other departments; 91 were

originally hired into the barrier plant and then transferred out; and
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224 worked in other departments before and after assignment to the

barrier facility.

The control group was selected from all white male emp}oyees at
ORGDP who had no record of occupational exposure to metallic nickel or
to nickel compounds while employed at ORGDP and whose period of active
employment included at least one day in the period January 1, 1948,
through December 31, 1953. The employees in this cohort thus had the
same potential for being hired into or transferred to the barrier plant
during the same time period as did the exposed population. The eligi-
ble employees were arranged in order by Social Security number, and
every fourth worker was selected. This 25 percent sample yielded ex-
aét]y 1600 white male workers.

Exposure of Barrier Workers to Airborne Metallic Nickel - Routine air

sampling was performed at ORGDP from 1948 to 1963. During this period,

3044 air samples were collected in various areas of the barrier plant
and were analyzed'for nickel content. The distribution of the concen-
tration of airborne nickel in seven areas of the barrier plant fs shown
in Table 1. The median nickel concentration for the 3044 samples was
~ 0.13 mg/cu m. The routine sampling program was discontinued in 1964,
and air sampling was performed only on an "as-needed" basis for control
purposes. Unfortunately, the results of the analyses of these later
samples were not retained.

In retrospect, air monitoring data reported as zero probably
should have been reported as less than 0.1 mg/cu m. This value was the

Towest concentration that could be reliably detected with the sampling

and analytical methods routinely used by the plant laboratory at the
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time. Under considerably improved working conditions, current levels
of nickel concentrations collected by industrial hygiene personnel are
higher than historical data.4 Therefore, it is reasonable to assume
that the reported median of 0.13 mg/cum is biased toward the low
side. The accurate reporting of data in the 0 to 0.1 mg/cu m range
would have had the general effect of increasing the observed lower
quartile concentration of airborne metallic nickel in the work areas.
In 1957, a program of biological monitoring (urinalysis) was im-
plemented in the barrier plant. From this program, urinary nickel con-
centrations are available for 238 of the 814 barrier workers included
in this study, but the analytical methods that were used have subse-
quently been shown to be of questionable specificity, with particular

sensitivity to iron contamination. In a summary of nickel urinalysis

data reported from ten other studies, the highest mean concentration
was 40y g/].1 However, well over 75 percent of the nickel concentra-
tions determined in the urine of barrier workers was between one and
two orders of magnitude greater than this. Consequently, the urinaly-
sis data have not been used to evaluate exposure to nickel in this in-
vestigation.

The employment histories of the workers did not specify the area
in the barrier plant to which the individual was assigned. It is also
known that workers were frequently moved from one area of this plant to
another. Thus, it is not possible to associate individuals with specif-

ic areas of exposure. However, the operation of the plant was such

that the distribution of the total work force into the various work




areas remained reasonably constant. An estimation of this distribution
is shown in the last column of Table 1. ' About 70 percent of the work
force was assigned to areas one and three with the remaining 30 per-
cent divided among the other five work areas.

ATthough the distinguishing characteristic of the exposed workers
as compared to the controls was their employment in the barrier manu-
facturing plant, it should be pointed out that workers in both groups
had opportunity for occupational exposure to environmental agents other
than nickel. Inasmuch as two-thirds of the barrier workers also worked
in other departments of the ORGDP, their exposure to 6ther substances
was similar to that experienced by the controls. However, nickel was
the only substance in the barrier plant for which exposure was limited
to that particular location. No effort was made in this investigation
to evaluate the possible health effects in these workers of exposures
to agents other than nickel.

Ascertainment of Mortality Status - In order to make a comparison of

mortality in the exposed and control cohorts, it was necessary to
follow each worker in the two groups from the date of initial hire to
death or to the termination of the study period. At the time this in-
Vestigation was initiated, all workers who had ever been employed at
ORGDP were already enrolled in the larger population of the ongoing

ERDA Health and Mortality Study.* The availability of data on the

*This study was conducted by Dr. Thomas F. Mancuso from June,
1964, through July, 1977, under contract No. E(11-1)-3428 for
the United States Energy Research and Development Administration.




mortality status of all ORGDP employees greatly facilitated this in-
vestigation.

Early in 1974, a roster of all former workers who were no lTonger
employed at ORGDP as of January 1, 1974 was sent td the Social Security
Administration (SSA). From their records, SSA determined which individ-
uals had paid Social Security taxes in the last quarter of 1973 or had
been paid retirement or disability benefits in December, 1973. The
SSA records of the remaining workers were then searched for evidence of
death of the worker and the names of the individuals who had died were
furnished to the staff of the ERDA Health and Mortality Study. In add15
tion, the date of death and the city and state where the claim for
death benefits was filed were provided for non-annuitants. For annui-
tants, SSA identified the month and year the last benefit check was

paid, and the state to which it had beén mailed. In mid-1974, the

-search for death certificates for these individuals began.

There can be several months delay between the receipt of informa-
tion about the death of an individual at the local level and the trans-
mission of this information to the central files of the SSA. To assure
as complete ascertainment of deaths as possible through the SSA, only
the deaths which occurred before 1973 were included. Thus, the obser-
vation period for this study was from January 1, 1948 through December
31, 1972.

The roster of non-current employees of ORGDP which was sent to
SSA early in 1974 included the names of 745 former employees of the
barriér plant (69 were still employed at ORGDP as of January 1, 1974)

and 1397 names of fbrmer employees of other departments at ORGDP who
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were subsequently selected as controls for this study (203 controls
were still employed). SSA identified 86 deaths which had occurred be-
fore 1973 among the 814 barrier workers and 273 deaths among the 1600
controls. Death certificates for 83 of the barrier workers and 255
controls were already on file in the ERDA Health and Mortality Study
office when the present investigation was initiated. At that time, the
search for the 21 death certificates not yet located was intensified.
The SSA had provided information that one of the barrier workers
without a certificate was a casualty of the Vietnam War. The Depart-
ment of Defense could not locate the records for this man without a
military service number, so it has not been possible to obtain this
certificate. The death has been classified as a military casualty for
purposes of analysis. One of the deceased control workers without a
certificate was in Spain when he died, and his death certificate was
obtained through the State Department. The information on the remain-
ing 19 workers identified as dead was sent to the appropriate offices
of the 50 states with a request for a search for certificates for the
listed individuals. At this time, certificates have been received for
the remaining two deceased barrier workers and seven of the deceased
control workers. All but five states responded to the request for a
search, and there is no ready explanation for the failure to locate

eleven of the certificates for deceased control workers.

MORTALITY ANALYSIS

Each available death certificate was coded as to the underlying

cause of death in accordance with the International Classification of
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Disease revision current at the time the death occurred. The observed

deaths, distributed according to the underlying cause, for the barrier

workers and for the control population, are shown in Table 2. The 11
deaths among the controls for whom death certificates have not yet been
obtained have been distributed among the causes of death in the same
proportions as the 262 deaths of controls for whom certificates were
available. This procedure resulted in the fractional numbers of
"observed" deaths among the controls.

The members of the control population were older than those of the
exposed group and, thus, were at greater risk during the observation
period. This difference between the cohorts was adjusted for by
calculating the deaths to be expected in each cohort as though it had

experienced the same mortality as the population of U.S. white males.

The man years at risk for each calendar year 1948 through 1972
were calculated by five-year age groups. The members of the barrier
worker cohort became at risk on the date they were first employed in
the barrier plant. The members of the control cohort became at risk
on the date they were first empToyed at ORGDP or on January 1, 1948,
whichever was later. Each worker in both cohorts ceased contributing
to man years at risk on the date of his death or on December 31, 1972,
whichever was earlier. The 814 barrier workers accumulated 17,232 man
years at risk, 26 per cent of which were spent in employment in the
barrier plant; and the 1600 controls accumulated 34,701 man years.
(The tables of man years at risk for the two cohorts are attached as

Appendixes I'and II.) The expected number of deaths for each cohort

was calculated by applying the appropriate age-, year-, and cause-
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5 to the

specific mortality rates for the U.S. white male population
age- and year-specific man years at risk in the two study populations.
The sums of these products are shown in Table 2 under the heading
Expected Deaths for each population of workers.

Mortality from A1l Causes of Death - Based on the U.S. white male

population, both the exposed and control cohorts have experienced

lower mortality from all causes than expected, and these differences
are statistically significant. The Standard Mortality Ratio (SMR =
observed deaths divided by expected deaths) for all causes of death

in the barrier workers is 0.75, and its 95 percent confidence interval
is (0.60, 0.94). The SMR for all causes of death in the controls is
0.83 (0.74, 0.94). The similarity in overall mortality between these
two cohorts suggests that both groups of workers are comparable with

respect to the underlying force of mortality.

As stated earlier, 38 white females were employed in the barrier
E]ant at some time between 1948 and 1953. Although these workers have
not been included in these analyses, the mortality status of these
women was determined as part of the ERDA Health and Morta]ity Study.
only one of these early female workers has died, and the cause of her
death was cancer of the Tiver.

Mortality Due to Malignancies of the Respiratory System - Malignancies

of two sites have been associated with workers in certain nickel re-
fining operations: the lung and thelnasa1 sinuses. All identified
malignancies of the respiratory system in the workers included in this
study were of the lung, 3 in the barrier workers and 21 in the controls.

The expected number of deaths from lung cancer were calculated using
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the rates of all observed deaths in white males in the U.S. which were
coded to ICD 47 during the 5th revision, to 160-165 during the 6th and
7th revisions, and to 160-163 during the 8th revision. The SMR for
malignancies of the respiratory system is 0.45 (0.09, 1.31) for the
barrier workers and 1.13 (0.71, 1.71) for the controls, a difference
which is not statistically significant. The number of deaths from this
cause in either cohort does not differ statistically from the number of
deaths expected for that cohort.

Mortality Due to Other Causes - Several other observations on the data

in Table 2 are worth mentioning. In no cases does the mortality of the
barrier workers differ Statistical]y from that of the controls. However,
for two causes of death the mortality experience of the barrier workers
is significantly different from the expectations based on U.S. white
males. The barrier workers had a deficiency of deaths due to Diseases
of the Circulatory System with an SMR of 0.65 (0.24, 0.90). Also, they
had an excess of deaths due to Symptoms and I11-Defined Conditions (SMR=
4.41 [1.62, 9.617). The deaths included in this latter category were

all sudden or unattended deaths.

The control cohort had one death due to Diseases of the Digestive
System as compared to the 18 expected. For this cause of death, the
observed number is significantly lTow with an SMR of 0.06 (0.00, 0.33).

The directional consistency of the observations in the two cohorts
for all three of these causes of death suggests that the deviations
from expectancies reflect conditions affecting the total ORGDP work

force rather than any occupational subgroup. The deficiencies in deaths

from Diseases of the Circulatory System may result from the extensive




program in occupational medicine which has been in operation at ORGDP
since the plant opened.

The excess of deaths undefined as to specific cause of death prob-
ably reflects the absence of a law in Tennessee making autopsy man-
datory in the case of sudden 6r unattended deaths. If a person does
not have a private physician at the time of sudden death and no au-
topsy is performed, the cause of death recorded on the certificate is
simply "Natural Causes."

There does not seem to be any simple explanation for the very few
deaths resulting from Diseases of the Digestive System in these two
cohorts. It is beyond the scope of this investigation to probe further
into this finding, but this interesting observation probably warrants

additional investigation.

INTERPRETATION OF FINDINGS

This investigation provides no evidence to support a hypothesis
that exposure to airborne metallic nickel has increased the risk of
death in barrier workers due to malignant neoplasms of the respiratory
system. In fact, although the differences are not statistically sig-
nificant, the barrier workers had relatively fewer deaths from res-
piratory malignancies than did the workers who were not exposed to
metallic nickel, as well as having fewer deaths than predicted by the
experience of all U.S. white males. A reasonable question to ask is
whether there is any reason to suspect that the in-plant control group
and the U.S. white male population should be expected to have a higher

underlying risk of dying from respiratory cancer than the barrier cohort.
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A1l members of both worker populations were employed in the same
industrial complex and, therefore, lived in the same geographical area
at some time during the six-year period 1948-1953. As the greater part
of each population had been employed for more than a year, with more
than half of the workers in bofh groups having periods of employment
at ORGDP exceeding 10 years, these two groups of workers probably ex-
perienced similar life styles and environmental impacts for a signif-
icant part of their adult lives. Also, since two-thirds of the barrier
workers had work experience in other departments at ORGDP, the assump-
tion that most of the barrier workers had been exposed to occupational
stresses similar to those of the controls seems valid. The fact that
the overall mortality, adjusted for age and calendar-year differences,
in both groups is so similar adds credence to the validity of these
assumptions.

Any study which investigates the occurrence of respiratory malig-
nancies must consider the possible compounding effects of the recognized

carcinogen, cigarette smoke.6

The medical records of the employees are
the only available source of information about their smoking habits.

At the time of initial hire of each individual in this study (i.e., on

or before December 31, 1953), no question concerning smoking habits was
asked for the medical record. However, in 1955 the use of the Cornell

Medical Index Health Questionnaire was instituted, which contained the
question, "Do you smoke more than 20 cigarettes a day?" For each em-

ployee in the study, the first response to this question appearing in

his medical record was abstracted. No information on smoking is avail-

able for employees who terminated before the Cornell Questionnaire was
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used, The percentage distribution of responses for the two groups is
shown in Figure 2. From these data, it is seen that the two groups are
comparable in the percentage answering the question, "Yes," but that
more barrier workers than controls answered the question, "No." This

difference is compensated for by a higher percentage of controls having

an unknown smoking history. If those persons for whom smoking histories

were not available were similar in their smoking habits to those for
whom smoking histories were available, there would have been a smaller
broportion of smokers in the barrier workers than in the contfo] pop-
ulation; however, there is no justification for this assumption. If
such were the case, this could account for some of the deficit in res-
piratory malignancies in the barrier group. Recognizing that smokers

have an increased risk of developing diseases of the circulatory system,

the SMR of 0.65 for this cause of death in the barrier workers as com-
pared to 0.76 in the controls is consistent with fewer smokers in the
bérrier cohort. However, the difference in mortality between barrier
workers and controls due to diseases of the circulatory system does not
appear to be large enough for smoking patterns to explain all the def-
icit in observed deaths due to respiratory malignancies in the barrier
workers .,

The mortality experience of the U.S. white male population pre-
dicted more deaths than occurred in either of the study cohorts. There
are at least three possible explanations for this observation. The
first possible explanation is the so-called "healthy-worker effect,"

i.e., an effect due to selection on the basis of health, current or

past. As McMichael et a1.7 point out, "This selection process only




% OF EMPLOYEES IN EACH GROUP

DWG. NO. K/G-78-206
()

BARRIER WORKERS

CONTROLS

SMOKERS NON-SMOKERS UNKNOWN

Figure 2
SMOKING HISTORIES OF BARRIER WORKERS AND CONTROLS
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directly affects active workers..;(show1ng) a decline in effect with
the passage of time beyond cohort identification." Since, in this study,
follow-up is not a function of active employment beyond cohort identi-
fication, there is little reason to suspect that the "healthy-worker
effect" has contributed significantly to the lower-than-expected mor-
tality. The second is the possibility df under-reporting of deaths by
Social Security. The third is the active occupational health program
which has been in effect at ORGDP since the opening of the plant. How-
ever, it is quite probable that these three factors have all contrib-
uted in some degree to the observed results.

Use of U.S. death rates resulted’in the prediction of fewer deaths
from malignancies of the respiratory system than were observed in the

control group (19.42 expected vs. 21.85 observed) and more than twice

as many deaths as were observed in the exposed workers (6.68 expected
vs. 3 observed). Thus, it does not appear that the factors which caused
a reduction in the overall mortality in the controls when compared with
U.S. data were operating to the same extent for mortality due to res-
piratory malignancies. Therefore, it seems reasonable to accept the
premise that the U.S. data should adequately predict the respiratory
malignancy deaths to be expected in the barrier workers. The validity
of using U.S. statistics to calculate these expectancies in the ORGDP
workers is further supported by the fact that for the years 1950-1969,
the lung cancer mortality rates for white males in Anderson and Roane

counties, Tennessee, the counties in which Oak Ridge is situated, were

very nearly equal to the national rates.8
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There does not seem to be any evidence to suggest that either the
in-house controls or the U.S. white male population should have dif-
ferent underlying risks of dying of respiratory cancer from the workers
in the barrier plant. If airborne metallic nickel is a carcinogen, why
have the barrier workers not shown an effect due to their occupational
exposure? One possible explanation is that they have not been followed
- Tong enough for the effect to become evident. Another possibility is
that the length and degree of their exposures were not sufficient to
cause the effect.

| Every worker included in the cohort exposed to metallic nickel had
a potential follow-up period of at least 19 years and at most 25 years
from his first date of employment in the barrier facility. A]thoﬁgh
the barrier workers were a relatively young group when they were hired,
the lengthy observation period allowed this population to age so that
11 percent of the man years of observation were for ages of 55 and over.
These are the ages af which the incidence of lung malignancies in U.S.
white males reaches its peak. Thus, if exposure to airborne metallic
nickel increased the underlying risk of developing lung tumors, it
should have begun to appear at least in the older workers. There are
few data available on the Tatency period between exposure and death in
the epidemiologic studies of nickel refining workers which have been
reported; Data adapted from the study of the workers at a nickel re-
finery in Kristiansand, Norway by Pedersen et a].9 reported a range

of 4 to 47 years as the interval between start of employment and diag-

nosis of lung cancer. Even if a normal distribution is assumed for

these intervals, any excesses should start to appear by 20 years after
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exposure; and yet the workers in this study are not only showing no
excess of cases, but have a deficit of cases. Insufficient follow-up
time after exposure, therefore, does not appear to be a reasonable ex-
planation for the observafions in this study.

Exposure data for the nickel refinery workers are imprecise or
nonexistent, particularly for the early cohorts which had very high
rates of respiratory cancer. Furthermore, the refinery workers were
usually not exposed to airborne metallic nickel. Thus, it is impossible
to compare exposure levels of the barrier workers with those of the
early refinery workers. The present U.S. standard for workplace ex-
posure to nickel metal is an eight-hour Time Weighted Average concen-
tration limit of 1 mg/cu m. The standard which has been recommended

by NIOSH is 0.015 mg/cu m for up to a ten-hour period.

A1l of the barrier workers included in this investigation were
employed at some period between 1948 and 1963 when the air monitoring
program was in effect at ORGDP. As can be seen in Table 1, most of the
workers in the barrier plant were exposed to levels of nickel concen-
tration higher than the current standard. Ninety percent of the workers
were exposed to levels greater than 1 mg ten percent of the time, and

82 percent of the workers were exposed to 0.10 mg/cu m or more 50 per-

cent of the time. Most of the air samples were thirty-minute collec-
tions. With this sampling time and the analytical methods in use at
that time, the minimum, reliably detectable, nickel concentration in air
was 0.10 mg/cu m; thérefore, it can be assumed that all of the workers

were exposed to levels greater than the recommended NIOSH standard of .015

mg/cu m during most of the work day. Although some short-term employees .
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have been included in this study, 743 men worked in the barrier plant
more than six months, and 407 worked more than three years nine months
in the facility. Thus, the workers in this study appear to have had

substantial exposures to airborne metallic nickel.
CONCLUSION

This investigation was undertaken to determine if it could be
demonstrated that airborne metallic nickel is a carcinogen in man.
The study has failed to do this. Although the workers employed in the
barrier plant had substantial exposures to airborne metallic nickel,
they have had no increased risk of developing malignancies of the res-
piratory system. They actually had fewer deaths from this cause than
expected. If airborne.meta1]ic nickel is a carcinogen, very high ex-

posures for a long period of time must be required to trigger the

malignant process.
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HIGHLIGHTS

This is the first in a series of progress reports on a study of K-25
personnel who have worked in areas where nickel powders were used and
handled. The project was initiated to evaluate the health effects of
handling nickel powder and to help in determining whether a recent

NIOSH proposal to reduce tolerable airborne nickel levels by a factor of
200 is necessary with regard to elemental nickel.

During January the basic organization of the project was completed,
staff briefings were held, and studies were commenced on the personnel
data and environmental exposure data available.
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PROJECT PROGRESS REPORT FOR JANUARY 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

The National Institute of Occupational Safety & Heaith (NIOSH) is currently
proposing to reduce the tolerable airborne levels for nickel by a factor of
200, down to the level of 5 ug/cu m. The International Nickel Corporation
(INCO), ERDA, and UCCND are very concerned with this proposal and have dis-
cussed the possibility of conducting an epidemiologic study of K-25 person-
nel who have worked in areas where nickel powder was used and handled. Simi-
lar studies have been made by INCO; however, it was not feasible to exclude
exposure to other nickel compounds and impurities. An objective study at
K-25 could provide data uniquely isolating elemental nickel, which might be
used to better establish the health effects of nickel powder exposure. INCO
has proposed to share the costs of the study.

Following a general discussion in December, 1976, of such a study at K-25,
this project was initiated with the following objective: to organize and

. conduct a study of K-25 employees who have worked in areas where nickel
powder was used or handled, in an effort to evaluate the health effects of
such work. This project includes an epidemiologic study of K-25 nickel
workers, with an examination of environmental exposures and associated in-
dustrial hygiene monitoring.

PROJECT ORGANIZATION

Dr. C. W. Weber was appointed Project Manager reporting to Dr. James C.
White, UCCND Technical Services Manager. Other participants presently
appointed to the project are: Dr. T. G. Fortney, Medical; Mr. R. D.
Gilmore, Industrial Hygiene; Mr. M. E. Mitchell, K-25 Environmental Manage-
ment; and Dr. E. D. Tompkins, Epidemiologist. Dr. Tompkins is a member of
the ORAU (Oak Ridge Associated Universities) staff, specifically the Medi-
cal and Health Sciences Division; she is Q-cleared, familiar with many of
the K-25 and ERDA organizations involved, and is presently available for
this project. Other epidemiologists of national reputation may be con-
~sulted later to review and offer critique of our progress and final report.

Other project support will include an ORAU biostatistician, computer per-

sonnel, clerical help, analytical and environmental help, and possibly
others,

S—————
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EPIDEMIOLOGIC STUDY

The existence of relevant data on a group of about 2500 nickel workers was
identified at the UCCND Computer Technology Center (CTC). ERDA has arranged
to release pertinent data on this test group to Dr. E. D. Tompkins. Two ’
computer printouts have been received from CTC. One is a listing of the-
‘approximately 2500 UCCND workers ever exposed to nickel, giving for each
worker the Name, Social Security Number, Birthdate, Sex, Race, Work loca-
tions, Year beginning each work location, and Job description. Review of
this 1isting revealed that only about 40% of these workers have worked in
the K-25 Barrier Plant. The second printout from CTC gives a more detailed
work history of the approximately 1000 workers who have ever worked in the
Barrier Plant. Information from these printouts is presently being used

to calculate the number of employee-years-of-exposure received by workers

in powdered nickel (barrier) operations. The employee-years-of-exposure

are being identified with appropriate calendar years in order to take into
account changes that have occurred in the production process.

Additionally, the applicable K-25 employee data are being scoped to estab-
Tish the total number of employee-years-at-risk. The two parameters, em-
ployee-years-of-exposure and employee-years-at-risk, will be used to make
some early statistical judgments about the test group. A worthwhile epi-
demiologic study is not feasible if these aspects are too limited. The
scoping calculations will soon be completed.

Of particular interest in this study will be the mortality rates and causes
of death of former nickel workers. Special attention will be given cancer-
ous diseases, particularly lung and sinus cancer. The long latency periods
for these diseases will require that the emphasis be placed on employment
prior to 1956. This further reduces the number of employees in the major
test group and the pertinent years-of-exposure and years-at-risk.

A 1listing of deaths that have occurred in the population of 1000 nickel
workers has been requested from CTC. Following review of this information,
death certificates will be obtained and examined for causes of death.

Upon completion of the above tasks, a determination can be made either to
propose a formal epidemiologic study or to state why such a detailed study
would not be warranted.

pp-ue 1w IKTII RN
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ENVIRONMENTAL EXPOSURE

In parallel with the work on the computerized employee work histories, in-
formation is being collected from CTC banks, storage in Plant Record vaults,
and recent Industrial Hygiene records, which will aid in defining the con-
ditions and levels of employee exposure. These data will include air moni-
toring and personnel urinalysis values for nickel. Examination of the air
monitoring data related to the nickel working environments reveal frequent
prevailing conditions in some areas and excursions in others, at concentra-
tions appreciably greater than 5 ug/cu m, the tolerable airborne nickel
level recently proposed by NIOSH.

In addition to the study of nickel working environments, two other atmos-
pheric nickel studies were undertaken. One study involved data collected -
over the past five years within the confines of K-25. The other consisted
of collecting and analyzing a limited number of atmospheric samples from
five different regions of East Tennessee, in several directions from K-25.
The plant data, representing sites located approximately north, south, east,
and west of the center of the plant, revealed atmospheric nickel levels
ranging from < 0.004 to > 6.0 ug/cu m.

Based on the limited number of off-site samples, the atmosphere in the
vicinity of K-25 contains greater nickel concentrations than in surround-
ing East Tennessee regions. The samples collected from areas remote to K-25
contained nickel concentrations ranging from < 0.004 to ~ 0.13 ug/cu m.

It is apparent, therefore, that the working environments for those handling
nickel powder, and also occasionally the general plant environments outside
of the Barrier Plant but within the confines of K-25, exceed the level of

5 ug/cu m of nickel, proposed by NIOSH as a new maximum tolerance for air--
borne nickel. ‘

COORDINATION AND CONTROL

The project study group has visited the Barrier Plant and plans additional
briefing and tours. More complete information will be received relevant
to work history of specific employees and nickel exposure conditions.

Assuming a complete epidemiologic study will be conducted, an appropriate

control group will be identified, probably from either unexposed K-25 em-
ployees, or UCCND employees at other sites. '

Bt o e o e gpcsrsn ]
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A special account has been set up for co]lecting costs of this project.
Following mutual agreement concerning the scope and estimated cost of ORAU

assistance, a special order will be issued covering the funding authoriza-
tion.

A program of billing to INCO will be initiated following execution of a
formal agreement with that company.

Monthly progress reports will continue to be generated on this project
to inform management at ERDA-ORO, K-25, and INCO. These organizations
will also participate in the review of the final report of this study.
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HIGHLIGHTS

This is the second in a series of progress reports on an epidemiologic
study of K-25 employees who have worked with nickel powders, initiated
to evaluate health effects of such work.

From project results to date, there is no evidence of increased risk of
respiratory malignant diseases as a result of employee exposure to air-
borne dusts of elemental nickel powders. While these results are limited
statistically by the relatively small population under test, the epidemi-

ology study will be conducted and the findings are expected to be available
for publication this calendar year.

Preliminary project.study has revealed the possibility of other health
problems which may or may not be related to exposure to nickel powder and

which should be explored through additional epidemiologic investigation.
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PROJECT PROGRESS REPORT FOR FEBRUARY 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

This project was initially organized to conduct an epidemiologic study of
K-25 employees who have worked in areas where nickel powder was used or
handled, in an effort to judge whether such work, with attending ele-
mental nickel powder exposure, leads to health problems, specifically in-
creased incidence of respiratory malignancies. The stimulus for this
study is the concern by ERDA-ORO, K-25, and the - International Nickel
Corporation (INCO) for a current recommendation by the National Institute
of Occupational Safety and Health (NIOSH) to reduce the present standard
for airborne levels of nickel by a factor of 200, to 5 ug/cu m. Ele-
mental nickel has been included in that proposal, although no studies
have been able to isolate exposure to elemental nickel from exposure to
nickel compounds and impurities known to be associated with increased in-
cidence of respiratory malignancies.

Because of the long-term use of pure nickel in the manufacture of barrier
at K-25, this project can uniquely isolate the effects of exposure to
nickel powder (elemental). A significant resource for this study is the
data bank of information at the UCCND Computer Technology Center (cTC),
which has been collected for the ERDA Health and Mortality Study (H&aMS).
These files include details of employee work histories for all K-25 em-
ployees and the dates of death of any employees known to have died before
1974. . :

Mrs. E. A. Tompkins, Epidemiologist, is the principal investigator in
this study, assisted by Dr. J. H. Godbold, Biostatistician. Both are
Q-cleared and on the staff of ORAU (Oak Ridge Associated Universities).
Their work to date, using selected ERDA H&MS information from CTC, is
the basis for most of this report, the second in the series on this pro-
ject. : '

EPIDEMIOLOGIC STUDY: RESPIRATORY MALIGNANCIES - ‘E. A. Tompkins &
’ J. H. Godbold

A review was completed to determine if a sufficient population of workers
exposed to nickel powder exists to permit a meaningful epidemiologic

e At gt n]
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investigation. The documents used in this review were supplied by the Com-
puter Technology Center, from data which had been gathered for the ERDA
H&MS. The three documents are: {1) A listing of 2589 workers with po-
tential or known exposure to nickel as a metal or in compound form. For
each individual on the 1ist, the following information is available:
social security number, date of birth, race, sex, job code, year of entry
into each job code, and job title. (2) A detailed work history of each
of the 990 workers who had been employed in the Barrier Plant through
1973. This 1isting provided information on hires, changes in job classi-
fication or job code, and termination with dates of each action. (3) A
1isting of the 175 individuals, among the 2589 “"nickel" workers, whom the
Social Security Administration had identified as having died before 1974.

An examination of first hire dates into the Barrier Plant demonstrated
that, of the 990 persons of interest, the greatest majority had been hired
before 1954 (approximately 850 of the 990). Because the latency period
between insult and clinical manifestation of disease is of particular in-
terest in this study (estimated to be 20-30 years), it is recommended that
the population for study should be limited to employees hired before 1954.

Statistical calculations were made using crude age adjustment methodologies
to estimate the deaths which could be expected in this population, assuming
that they had the same mortality experience as white males in the U. S.

From these calculations, it was determined that we could expect 14.8 deaths
due to all malignant disease, 4.3 deaths due to lung cancer, and 0.07 deaths
due to malignancies of the nose, middle ear, and accessory sinuses.

Among the Barrier Plant workers hired before 1954, 85 are known to have
died. Death certificates are available for 76 of them. Examination of
these death certificates showed that 14 deaths were due to malignant dis-
ease, 2 of which were due to lung cancer, and none due to cancer of the
nasal sinuses. Assuming that none of the 9 individuals for whom death
certificates are not yet available have died of malignant disease, and
that the expected deaths would not change significantly using different
comparison groups and more careful age adjustments, there is no evidence
at present that this population has an increased risk of lung cancer or
cancer of the nasal sinuses. However, the size of the population is such
that the observed number of cases is consistent with as much as a 50 percent

increased incidence in lung cancer and a 4,000 percent increase in cancer
of the nasal sinuses. ‘

A carefully documented study of the mortality due to the two malignancies
of interest can probably be completed within one year. However, it must be
recognized that the population size is so limited that even if this popula-
tion displays exactly the same mortality rates due to cancer of the lung
and nasal sinuses as a similar population not exposed to nickel, these

SR Gudvivivmitihenhils/
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findings would still be consistent with an increased risk of lung cancer
and a large increased risk of nasal sinus malignancy. This statistical
limitation of the population at risk, coupled with the fact that this
population is just now coming into the assumed peak latency period, casts
some doubt on the efficacy of using findings in this population to con-
vince OSHA that the NIOSH recommendation for exposure limits of workers
to elemental nickel powder is set too low.

OTHER HEALTH PROBLEMS - E. A. Tompkins & J. H. Godbold

A review of the death certificates thus far available for the test group
suggests the possibility of other health problems beyond the two respira-
tory malignancies of specific interest in this project. If these suggested
outcomes are indeed findings of the proposed epidemiologic investigation,
further studies, specifically designed to evaluate these health problems,
should be conducted.

ENVIRONMENTAL EXPOSURE - R. D. Gilmore

The air monitoring and personnel urinalysis data on computer printouts
have been further studied. It is apparent that a full understanding of
these-historical data would be difficult to achieve. The bases for air
monitoring values (whether routine or in response to exposure incidents),
the specific locations or operations being monitored, the analytical

methods and 1imits of detection - all may be important in understanding
the data.

The urinalysis values for individual employees are also not readily inter-
pretable. The past programs of monitoring, the Timited amount of data
per employee, the lack of values for many employees, the limitations and

methods of laboratory analyses - all would be of concern in making use of
these data in this study.

In general, the historical data on monitoring will, therefore, serve as
supportive information for interpreting statistical judgments derived
from detailed epidemiological study. The raw monitoring data, retrieved
from storage in Plant Records vaults, may need close examination to gain
best value from the CTC compilations.
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At the present time, improved industrial hygiene practices are contributing
more monitoring data regarding working environments. These new data con-
tinue to enter the computer banks and will support future studies.

PROJECT COMMUNICATIONS

A helpful compilation of facts and observations related to the ERDA Health
and Mortality data files has been supplied by Mr. Howard L. Fore of the
Computer Sciences Division. The information derived from his association
with these data has been very useful and will undoubtedly become an impor-
tant resource as this project continues.

Upper management of UCCND and ERDA-ORO, in two meetings conducted, re-
spectively, on February 17 and 24, 1977, were informed of the progress

in this project. Both of these meetings led to the following conclusions:
(1) The epidemiologic study of workers exposed to nickel powder should

be conducted, with a goal of having it in publishable form before the end
of this calendar year. (2) As this investigation proceeds, if health
effects other than malignancies of the respiratory system appear to be

valid findings, specific parallel studies designed to evaluate these ef-
fects should be undertaken.

A meeting has been arranged for March 8, to inform members of INCO manage-
ment -of our present project status and the expected future work. INCO's
interests and their role in sharing costs will also be discussed. This

meeting will be attended by upper management of ERDA-ORO, K-25, and
INCO. '
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HIGHLIGHTS

In review discussions with management of UCCND, ERDA-ORO, and INCO, it was
decided that a detajled epidemiologic study of K-25 Barrier Plant nickel
workers should be started immediately.

In response to a letter of proposal from ORAU, specifying the scope and cost
of a formal epidemiologic study of K-25 workers exposed to elemental nickel,
a Memorandum Purchase Order was issued to ORAU to conduct the investigation.

The Computer Technology Center has begun work on identifying the possible
controls for this study, in accord with specific criteria.
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PROJECT PROGRESS REPORT FOR MARCH 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

This project was organized to conduct an epidemiologic study of K-25 employ-
ees who have been occupationally exposed to elemental nickel powder, to evalu-
ate whether such work leads to health problems, specifically increased inci-
dence of respiratory malignant diseases. The study was proposed in December,
1976, following a review by ERDA-ORO, K-25, and the International Nickel Cor-
poration (INCO) of a draft recommendation by the National Institute of Occupa-
tional Safety and Health (NIOSH) that the standard for airborne levels of
nickel be reduced to 5 ug/cu m. Pure nickel was. included in the recommenda-
tion, although no studies have been able to isolate exposure to elemental
nickel from exposure to nickel compounds and impurities known to be associated
with increased incidence of respiratory malignancies, particularly lung can-
cer and cancer of the nasal sinuses.

Because K-25 has used pure nickel in the manufacture of barrier for many years, .-
this project can isolate the effects of exposure to nickel powder (elemental).

A major resource for this project is the computerized information at the UCCND
Computer Technology Center (CTC), collected for the ERDA Health and Mortality
Study (H&MS). These data files include K-25 empioyee work histories and the
dates of death for any employees known to have died before 1974.

Examination thus far of selected ERDA H&MS information indicated that a de-
tailed epidemiology study of mortality due to lung and nasal sinus malignancies
can be completed by the end of 1977. It was emphasized, however, that the
~small population of the subjects for the study will 1imit the statistical im-
pact of the findings and also that this population is just now entering the
assumed latency period (20-30 years) for the diseases of interest. In review
discussions with management of UCCND, ERDA-ORO, and INCO, it was decided that
the detailed study should begin immediately.

The formal detailed study is, therefore, under way, in the charge of Mrs.

E. A. Tompkins, Epidemiologist, at ORAU (Oak Ridge Associated Universities).
Support from members of K-25 will continue as needed, to provide information
to Mrs. Tompkins and Dr. J. H. Godbold, Biostatistician. :
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PROJECT ORGANIZATION

Mr. S. S. Stief has been appointed to the project team. His past acquaint-
ance with the project and its objectives, his familiarity with INCO's in-
terests, his reliable attendance at major meetings, and his direct associa-
tion with plant management are all assets to the work of the group.

EPIDEMIOLOGIC STUDY - E. A. Tompkins & J. H. Godbold

The preliminary survey of K-25 nickel workers who had been employed in the
Barrier Plant indicated a total of about 990 through the year 1973. Of
these, approximately 850 were hired before 1954. Because the latency
period for respiratory malignancies is an important consideration, it was
recommended that the population for study be limited to employees hired
before 1954. S

After considering the various ways of selecting a control population with
which to compare the population of exposed nickel workers, it was decided
to choose a random sample of white males initially hired at K-25 prior to
January 1, 1954. Since no cases of lung cancer have occurred in white
females or in non-whites in the exposed population, such individuals cannot
be used in analysis. The CTC has begun work on identifying possible con-
trols. The total Tist will exclude any employees who worked in the Barrier
Plant, any who had known or potential exposure to nickel or its compounds,
and welders. The sampling of the control population will be complieted ‘
after it is known how many potential controls are available.

Arrangements are being made to transfer certain computer programs and vital
statistics data from the computer group at ORNL to CTC. These programs
will be used in the analysis of data to compute person-years-at-risk and
also the expected number of deaths due to specific causes in this study.

EMPLOYEE SMOKING HABITS - T. G. Fortney & E. A. Tompkins

In an epidemiologic study with emphasis on respiratory disease, the smoking
habits of the subjects and the control group may be important. Fortunately,
the Medical Records of most employees contain some entries on the smoking
habits of workers at K-25 at the time they were hired. These data will be
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used as an indicator of smoking history. Arrangements'are being made to
retrieve this information in a systematic approved manner. For the employees
involved, both subjects and controls, it is anticipated that about 85% of

their medical records have been placed in the Plant Records vault following
termination.

OCCUPATIONAL EXPOSURE DATA - R. D. Gilmore

During this reporting period, no significant progress was made in the evalua-
tion of historical air monitoring and personnel urinalysis data pertaining:
to nickel. Industrial Hygiene field monitoring records for the years 1944
through 1962 have been retrieved from the Plant Records storage vault and
will be used to supplement data available on computer printouts. Occupa-
tional exposure data will be of more significance in the later phases of
this study, as support for interpretation of findings. The Industrial
Hygiene Department plans to assign a high priority to this project during
‘May and June, 1977, to assure that the data are evaluated and summarized

by August 1, 1977.

PROJECT COMMUNICATIONS

An information meeting was held on March 8, 1977, to inform visiting members
of INCO management of our project status and expected future work. The INCO
representatives were pleased with the work done to date and stated their
desire to share the costs of the nickel study, through a written agreement.
The INCO representatives also stated that they would probably be interested
in support of animal studies involving nickel exposure. K-25 management
agreed to pursue this interest for INCO, probably at ORNL; if such a proj-
ect were initiated, it is intended to be apart from this epidemiology study
in both pursuit and support.

A thorough review was made to establish the payroll accounts to which Barrier
Plant workers have been assigned since the beginning of that manufacturing-
activity at K-25. Through discussions with personnel of the K-25. Accounting
and Budget Office, the Computer Sciences Division, and Plant Records, it

was concluded that only two payroll accounts are involved in identifying

the Barrier Plant nickel workers from the beginning of operations until

1954. Other identified operating accounts, which closed to these two ,
payroll accounts, will probably associate the past Industrial Hygiene moni-
toring programs with that area.

p———
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Because K-25 is a uranium processing plant and had received uranium trioxide
for the Feed Plant operations for many years, the question of lung exposure
to radon-daughter products (from radium contamination) was raised by

Mrs. Tompkins. There is no indication that radon-exhalation tests have

been conducted on any K-25 employees; also evidently no analyses of U0,

were made for radium. Presumably the purity requirements for the U0s

would have demanded chemical separations which excluded radium. This very
pertinent question may need further attention.

COORDINATION AND CONTROL

A letter of proposal was received from ORAU (Oak Ridge Associated Universi-
ties) specifying the scope and cost of the formal epidemiology study of

Barrier Plant nickel workers. Following prompt agreement by K-25 management,

a Memorandum Purchase Order was sent to ORAU covering the funding authoriza-
tion.

A formal agreement with INCO_has noi yet been executed, regarding their
proposal to share the costs of this study.

e — Al
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HIGHLIGHTS

The epidemiologic study is awaiting final selection of the employee control
group, from a 1ist of possible controls supplied by the Computer Technology
Center.

A proposed contract has been sent to INCO for their consideration.

T
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PROJECT PROGRESS REPORT FOR APRIL 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

The epidemiologic study of K-25 employees who have been occupationally ex-
posed to elemental nickel powder is underway. The major source of information
for the project is the computerized data on employee work histories and dates
of death, collected for the ERDA Health and Mortality Study.

The Computer Technology Center, which handles this data bank, has recently
compiled a listing of possible control employees for this study. This was
sent to Mrs. E. A. Tompkins, Epidemiologist, at ORAU (Oak Ridge Associated

Universities) for review and further instructions for final selection of
controls. »

After receiving final listings of both the subjects and controls for the
study, the work will become more methodical.

EPIDEMIOLOGIC STUDY - E. A. Tompkins & J. H. Godbold

No reportable progress on this study has been made this month. The Computer
Technology Center furnished, 1ate in April, a printout of ORGDP employees
identified as possible controls for the study. This is presently being re-
viewed before the actual selection of controls will be made.

EMPLOYEE SMOKING HABITS - T. G. Fortney & E. A. Tompkins

The retrieval of certain relevant information on the smoking habits of
employees, to be accomplished by examination of medical records, has not

begun. This phase of work also awaits the final determination of control
employees.
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CONTRACT WITH INCO - S. S. Stief

International Nickel, Inc. (INCO) has agreed to share the costs of this study.
A proposed contract has been formulated and approved by ERDA-ORO. It has
been sent to INCO for their consideration, but was not yet approved at the

end of April.
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HIGHLIGHTS

NIOSH has formally recommended to OSHA that the exposure 1imit for inorganic
nickel (including elemental nickel) be set at 15 ug/cu m.

The epidemiologic study awaits final listings from CTC of the subject and
control groups of K-25 employees.

ERDA-ORO and INCO have executed a contract through which INCO will bear 50%
of the costs of the epidemiologic study.
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PROJECT PROGRESS REPORT FOR MAY 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

An epidemiologic study of K-25 employees who have been occupationally exposed
to elemental nickel powder is being conducted. Mortality due to respiratory
malignancies is the emphasis of the study. Such research was recommended by
the National Institute of Occupational Safety and Health (NIOSH), since no
equivalent investigation has been done.

On May 13, 1977, NIOSH recommended to the Occupational Safety and Health
Administration (OSHA) that an exposure 1imit for inorganic nickel be set at
15 ug/cu m of air. (For most industrial laboratories, this is considered to
be the lowest detectable level of nickel.) In lieu of data which isolate
exposure to elemental nickel from exposure to nickel compounds and impurities
known to be health problems, pure nickel is included in that recommendation.

OSHA must decide whether to tighten its nickel standard to the 15 ug/cu m
Tevel and whether to include elemental nickel in the standard. The ongoing
epidemiologic study of K-25 employees, scheduled for completion by the end of
this year, may assist in that evaluation.

EPIDEMIOLOGIC STUDY - E. A. Tompkins and J. H. Godbold

The Computer Technology Center (CTC) furnished a 1isting of K-25 employees

who are candidates for controls. Following review of this list, it was de-
cided to 1imit the controls to those white males who were hired initially be-
foredanuary 1, 1954, but did not terminate before January 1, 1948. The control
list will exclude white females and nonwhite employees, since preliminary

study indicated no cases of lung cancer occurring among such individuals in the
exposed population, and will exclude all Barrier Plant employees or those who
had known or potential occupational exposure to nickel.

The CTC has been given instructions on how to select the sample of controls
from the population defined above. Further analytical work awaits the final
listings of controls and subjects for the study.

Ol Y
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CONTRACT WITH INCO - S. S. Stief

In early May a contract was approved by both ERDA-ORO and International Nickel
(U.S.), Inc. (INCO). As agreed in prior discussions, INCO will bear 50% of
the ERDA fund costs of the epidemiologic study of elemental nickel.

COORDINATION AND CONTROL

An additional special account has been set up to collect one-half of all
costs associated with the study. On a fiscal quarterly basis, UCCND will
invoice INCO for all costs collected in the new account. The first such
invoice will be issued at the end of June 1977.
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HIGHLIGHTS

Current efforts emphasize the formalization of a valid and representative
list of control employees for use in the epidemiologic study.

 Applicable information on individual smoking habits will not be available
from medical records of subject and control employees, because the informa-
tion did not enter the records until appreciably after the employment period
of interest in this study.

Occupational exposure to elemental nickel in the barrier plant since 1948 is
being investigated through the Industrial Hygiene monitoring records.
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PROJECT PROGRESS REPORT FOR JUNE 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

An epidemiologic study of K-25 employees who have been occupationally exposed
to elemental nickel powder is being conducted. Mortality due to respiratory

malignancies is the emphasis of the study. Such research was recommended by

the National Institute of Occupational Safety and Health, since no equivalent
investigation has been done.

Controls for the study will be K-25 employees who have not been exposed to
nickel but who were employed during the same time period as the subject nickel
workers. Much of the recent effort has involved computer programming and
printouts by L. F. Denton and H. L. Fore of the Computer Technology Center
(CTC) to assist the epidemiologist, Mrs. E. A. Tompkins, and biostatistician,
J. H. Godbold (ORAU), in formalizing the lists of employees.

About 2400 employees (both subjects and controls) will be used in the study.
The ‘work histories of these employees are available from the CTC in the com-
pilation of the ERDA Health and Mortality Study (H&MS) data.

The project is advancing at a reasonable pace, with its completion scheduled
for the end of this year. The findings in this epidemiologic study may be
helpful to the Occupational Safety and Health Administration (OSHA), in its
evaluation of required standards for exposure to elemental nickel. ‘

'EPIDEMIOLOGIC STUDY - E. A. Tompkins and J. H. Godbold

The set of potential control employees was reviewed and, in accord with in-
“structions to CTC, a subset was generated for use in the epidemiologic study.
Identified as K-25 employees who were on the payroll between January 1, 1948,
and January 1, 1954, (and meeting other criteria) the initial set of about

6500 employees was reduced to a subset of about 1600.

A printout of the reduced list is being examined to assure that it is a
representative sample of the larger non-nickel population.

e o
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EMPLOYEE SMOKING HABITS - T. G. Fortney and C. W. Weber

It is apparent that no applicable information on the smoking habits of
employees can be derived from their individual medical records. It was hoped
that such information would be available from an entry on the Cornell Medical
Index Health Questionnaire. Unfortunately, the use of this employee question-
naire was not started until 1955, so the period of employment relevant to this
study would predate its use.

OCCUPATIONAL EXPOSURE DATA - R. D. Gilmore

A1l nickel urinalysis data available for the selected study population have
been collected. These data are being reviewed to determine their potential
significance to this study. Industrial Hygiene field monitoring records
for the period since 1944 were also collected and are being reviewed to
compile the available air monitoring data which relate to the nickel study
population.

The Industrial Hygiene Department has assigned a staff member to coordinate
this review to assure that the available data are evaluated and summarized
in a timely manner.
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HIGHLIGHTS

The cooperation of many supporting organizations, both within and outside
of K-25, is keeping this project on a reasonable schedule.

The list of controls was finalized; therefore, work is underway on the
tabulation of causes of death among that group. The search has also begun

for missing death certificates for deaths among the nickel subjects and
control employees.

Information on employee smoking habits is being retrieved from medical
records for both nickel workers and controls, even though the data entered
the records after the employment period of specific interest.

TR Y
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PROJECT PROGRESS REPORT FOR JULY 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

An epidemiologic study of K-25 employees who have been occupationally ex-
posed to elemental nickel powder is being conducted. The National Institute
of Occupation Safety and Health (NIOSH) has recommended such research, be-
cause no previous investigations have suitably isolated exposure to elemental
nickel from exposure to nickel compounds and/or impurities known to be hazards
to health. The emphasis in the study is mortality due to respiratory malig-
nancies. In the recent NIOSH recommendations for workplace exposure to in-
organic nickel, respiratory protection is especially emphasized and a maximum
tolerable nickel concentration of 15 pg/cu m, as a time-weighted average for
up to a 10-hour work shift, is proposed.

The epidemiologic study of K-25 nickel workers is progressing well. The
cooperation of many supporting organizations has become important to the
project. Notable among recent support efforts have been the programming

and printouts by the Computer Technology Center (CTC), computer tapes of
vital statistics from the Computer Science Division at the Oak Ridge National
Laboratory (ORNL), and the coordinated help of the Plant Records staff in
supplying information to the Medical and Industrial Hygiene Departments.

The project is being paced toward a completion report draft in October. The
findings of the epidemiologic study may be helpful to the Occupational Safety
and Health Administration (OSHA) in its evaluation of required standards for
exposure to elemental nickel.

EPIDEMIOLOGIC STUDY - E. A. Tompkins and J. H. Godbold

A finalized list of 1637 controls was established by CTC and sent to the
epidemiologist. This 1ist is a 25 percent sample of all employees (excluding
those with potential exposure to nickel, and meeting certain other criteria)

who were on the K-25 payroll between January 1, 1948, and January 1, 1954.

Of these controls, death certificates are lacking for 19 of the deaths. A :
national search will now be made among the state departments of vital statistics
for these death certificates, as well as for the three missing death certifi-
cates for deaths in the exposed nickel population.
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Work has begun on the compilation of causes of death among the control
group, for comparison with the incomplete data from the nickel subject
group.

Arrangements are currently being made to acquire the computer tapes con-
taining U. S. vital statistics data necessary for the calculation of ex-
pectancies of mortality. Some of these tapes are already available at
ORNL, through the cooperation of A. S. Loebl and J. F. Hull, while others
may have to be prepared at the CTC from base vital statistics data. In-
quiries are being made to the National Center for Health Statistics for
computer tapes of mortality data for the appropriate years. :

EMPLOYEE SMOKING HABITS - T. G. Fortney, A. Estes, and C. W. Weber

It had been noted that the Cornell Medical Index Health Questionnaire, com-

pleted by employees for their medical records, was not in use at K-25 until

1955; the employment period of interest in this study, therefore, predates

its use. It was decided, however, to gather the earliest data available on

the smoking habits of both the nickei subjects and the controls, appropriately ‘
qualifying the information. Most of the employees in both groups were still

on the payroll in 1955.

It will be assumed that any bias in the smoking statistics, as a result of
changes in personnel habits, will be approximately equal in both groups, so
that some valid comparisons can be made.

‘The retrieval of information from medical records involves examining files
presently in the K-25 Medical Department and gathering data from Plant
Records vaults. This effort has been greatly implemented through computer
printouts which appropriately combine each employee's identity with his
termination -date, medical number, and badge number. The assistance of

C. J. Parrish and E. B. Williams of Plant Records in the retrieval of
medical records has been extremely helpful in this phase of study.

OCCUPATIONAL EXPOSURE DATA - R. D. Gilmore

During the month of July, the air monitoring data for nickel in the Barrier
Plant during the period 1954 to 1964 were compiled from Plant Records. No
nickel data were found for earlier years. The collected data were catego-
rized by sample location and date, in an effort to characterize the various

y=—-=o—-——- N4
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processes involving a potential exposure to elemental nickel. The data
are currently being evaluated by the K-25 Industrial Hygiene Department to
jdentify trends, significant changes in potential exposures, "normal" con-
centrations and ranges. Work is progressing satisfactorily and the data
will be forwarded to the project epidemiologist and biostatistician for
review in the near future.

PROJECT COMMUNICATIONS - S. S. Stief

Arrangements were made for a meeting in Oak Ridge with several members of

management at INCO (United States), Inc., and its subsidiary, Huntington

Alloys, Inc. In addition to updating the management of INCO, ERDA, and

UCCND on the epidemiology project, other interests to be discussed are:

the efforts by OSHA to establish nickel standards; possible ORNL participa-
~ tion in animal inhalation studies with nickel and selected compounds; and

a review of the work environment measurements of airborne nickel powder.

. The meeting was scheduled for August 2, 1977, at the Federal Office Building.
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HIGHLIGHTS

The epidemiologic study is progressing steadily although certain critical in-
formation has not yet been received. (Page 3)

The search of medical records for employee smoking habits has now reached
into the other UCCND plants to cover transferees from K-25. (Page 4)

Air monitoring data for nickel in the Barrier Plant have been compiled for the
period from 1948 through 1963. (Page 5)

A meeting was held with INCO representatives on August 2, 1977, to discuss
several topics of mutual interest regarding nickel. (Page 5)
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PROJECT PROGRESS REPORT FOR AUGUST 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

The epidemiologic study of K-25 employees who have been occupationally exposed
to elemental nickel powder is continuing. The National Institute of Occupa-
tional Safety and Health (NIOSH) has recommended such research, because
previous investigations have not suitably isolated exposure to elemental
nickel from exposure to nickel compounds and/or impurities known to be hazards
to health.

The study is quickening its pace somewhat, as more information is becoming
available. At the same time, the urgency for completing certain phases has
increased. A high level of cooperation by supporting organizations, now
including the medical departments at other UCCND plants, has helped in the
gathering of facts and treatment of data. However, the project still awaits
certain critical information, including missing death certificates.

A completion report draft is anticipated in October, for review by UCCND,
ERDA, and INCO. The findings of the epidemiologic study may be helpful. to
the Occupational Safety and Health Administration (OSHA) in its consideration
of workplace standards for elemental nickel exposure.

EPIDEMIOLOGIC STUDY - E. A. Tompkins and J. H. Godbold

A 1ist of deceased persons has been submitted to the departments of vital
statistics of all 50 states in a search for death certificates still not
obtained. This search covers missing certificates for 3 exposed nickel workers
and 19 controls. Among the causes of death tabulated from certificates
obtained to-date, no cases of nasal sinus cancer were found. However, a
variety of malignancies were noted, as expected, in both groups.

A purchase order was issued to the National Center for Health Statistics for
microfiche copies of United States population death data which will be used
to calculate the expected number of deaths in our two study groups (nickel
workers and controls). These data have not yet arrived.

bigens=-————- A}
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The Computer Technology Center (CTC) has received computer tapes of national
population and mortality statistics for the years 1950-1970, presented in
five-year age groups and tabulated by sex and race. These tapes, supplied
by the Computer Science Division at ORNL, will permit calculation of some of
the death expectancy figures.

Analysis is underway on the distribution by year of initial hire and age at
jnitial hire in the two study groups. Also, we are in the process of analyzing
the socioeconomic status (principally using payroll indicators) of the em-
ployees in the two groups as a function of the length of employment.

EMPLOYEE SMOKING HABITS - T. G. Fortney, A. Estes, and C. W. Weber

* The search of medical records to jdentify smoking habits of individual employees
has progressed well for those records expected to be at K-25; about 70 records
have not yet been found. 'A larger group (about 185) represent people who

have transferred to Y-12, ORNL, or the Paducah Gaseous Diffusion Plant. We

are actively engaged with the medical departments at those plants in finding
records and retrieving data. '

0f about 2,420 medical records involved, approximately 1,070 contained no
questionnaire from which to identify smoking habits. The effects of smoking
among both the subject and the control groups will, therefore, involve the
data from about 1,350 records, of which 250 are still being sought.

SEARCH OF EMPLOYEE RECORDS - A. Estes and C. W. Weber

In addition to individual smoking habits, the medical records have provided
information to confirm other personnel data. The computerized information on
employees, stored in the data banks for the ERDA Health & Mortality Study
(H&MS) at the CTC, contains some errors (a small fraction of the thousands

of facts) which should be corrected, if possible. A number of corrections
have already been made, relevant to the employees in the two study groups.

Several errors in employee sex or race have been found while using the
medical records to confirm those particulars. Other errors were found in
social security numbers, and employees' names and initials. Because the
computer printouts generally provide facts no more recent than 1974, a
considerable number of data omissions, especially termination dates, have
been identified in the work with medical records.

= AN
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Other records, if available, may need to be searched to authenticate some
personnel information. In some cases, where the medical records are still
missing, even sex and race confirmation is incomplete and may require
access to personnel records. Inconsistent data on dates of birth and dates
of hire need to be resolved. A number of questions about work history,
especially dates of entry to certain department payrolls,remain unanswered.
These problems are being pursued systematically and through the appropriate
lines of management. « _ ‘ :

OCCUPATIONAL EXPOSURE DATA - R. D. Gilmore

The air monitoring data for nickel in the Barrier Plant were compiled for

the period from 1948 through 1963. The tabulated values represent more

than 3,000 samples collected over that period; the averages and ranges of
values, with some statistical treatment, are compiled by year and by work

area (operation) in the Barrier Plant. The information will soon be forwarded
to the epidemiologist. '

PROJECT COMMUNICATIONS - S. S. Stief

A meeting was held with representatives of the International Nickel Company
at the Federal Office Building in Oak Ridge on August 2, 1977, to discuss the
following topics: the status of proposed new OSHA standards for airborne
nickel in work environments; the progress of the epidemiologic study of
nickel workers at K-25; the air monitoring measurements of nickel in the
Barrier Plant; and the possibility of ORNL participation in animal inhalation
studies with nickel and selected compounds. g

The meeting was a successful exchange of information. Dr. J. B. Storer, who

outlined a suggested program for animal studies in the ORNL Biology Division,
has submitted a detailed proposal, prepared promptly after the meeting. That
proposal is now being reviewed at K-25.

It was also agreed at the August 2 meeting that K-25 would provide INCO with
any information developed here about the thickness of an oxide film on nickel
particles exposed to air.
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HIGHLIGHTS

Critical United States mortality data have been received from the National
Center for Health Statistics, permitting keypunch, computer program, and
computational work. (Page 4)

The search of employee records for individual smoking habits and other infor-
mation is nearly complete. (Page 4)

Occupational nickel exposure data from historical records have been compiled
and organized for use by the epidemiologist. (Page 5)
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PROJECT PROGRESS REPORT FOR SEPTEMBER 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

The epidemiologic study of K-25 employees who have been occupationally ex-
posed to elemental nickel powder has progressed well. The National Institute
of Occupational Safety and Health (NIOSH) recommended such research, since

no equivalent investigation has been done. The Occupational Safety and Health
Administration (OSHA) received the NIOSH recommendations for a reduced expo-
sure limit for inorganic nickel in May, 1977. OSHA then published in the
September 27, 1977 Federal Register a request for information on inorganic
nickel, including occupational exposure; a deadline of November 1, 1977 was
announced for submitting information.

This project is approaching the advanced stages of analytical work. A1l
essential information has been obtained except 22 death certificates from the
state departments of vital statistics. Computer calculation of United States
mortality expectancies will soon be completed for comparison with empirical
values in the nickel subject and control groups.

PROJECT COSTS

During the month of September, the project costs through August were computed,
as presented below:

' ‘ Percent

Expenditure Budget Expended
Management & Staff $ 37,100 $ 58,300 64
Oak Ridge Assoc. Univ. 29,244 50,000 58
Computer & Other 9,577 27,700 35
Expense 36,714 64,000 - 57
TOTAL - $112,635 $200,000 56
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EPIDEMIOLOGIC STUDY - E. A. Tompkins and J. H. Godbold

The analysis of work histories of nickel workers and controls is continuing,
with payroll status versus length of employment being examined as an indicator
of socioeconomic status. We have also begun recoding the causes of death on

the death certificates to reflect the numerical coding appropriate to the year
. of death.

| We have received United States mortality data for the appropriate years, from

| the National Center for Health Statistics. Although it was hoped to receive
these data in the form of computer tapes, or microfiche, which could permit
ready keypunching, the material arrived on microfilm cassettes. These have

been used to supply hard copy (photocopy) for illegible or missing material
among statistical tables previously in hand.

Prior to receipt of the microfilm data, a computer printout and program were
obtained from the Biostatistics Department at Harvard University, which could
be used to compute United States mortality expectancies. Fortunately, the
health statistics from the National Center arrived before significant effort
was expended with the more time-consuming and tedious application of the Harvard

program. ‘

Keypunching arrangements are being made to employ the National Center statistics
for the scope of diseases and years pertinent to this study. We continue to
make .corrections in the data for the subject and control employees, as informa-
tion is retrieved from medical and personnel files. We are still waiting for
the 22 outstanding death certificates from the state departments of vital
statistics. ’

SEARCH OF EMPLOYEE RECORDS - T. G. Fortney, A. Estes, and C. W. Weber

The search of medical records to identify smoking habits of individual subject
and control employees has been very successful, at K-25 as well as the other
three UCCND plants. The records of more than 200 employees who had transferred
to Y-12, ORNL, or the Paducah Gaseous Diffusion Plant were retrieved in this
search.

Forty-four medical records have not been found for employees who terminated

from K-25. The reasons for these missing records are not known. Of about

1350 medical records expected to contain relevant smoking data, the 44 missing
records represent about 3%; for purposes of this study, this loss is not signifi-
cant. No remaining approach to finding these records is apparent, except a
complete Plant Records vault search, which is presently unreasonable.

i — TR
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Personnel records have also proved extremely helpful in confirming sex and
race of employees and in finding information on dates of birth, hire, termination,
transfer, and other matters of work history.

OCCUPATIONAL EXPOSURE DATA - R. D. Gilmore

The air monitoring data for nickel in the Barrier Plant were organized and
compiled for the period from the beginning of operation in 1948 through 1963.
From 1964 to 1973, the last year pertinent to this study, practically no data
were collected. The monitoring values are compiled by year and area of opera-
tion in the Barrier Plant. All results are now ready to forward to the epidemi-
ologist.

Urinalysis data for the period from 1948 through 1973 are being reviewed for

possible applicability to the study. However, these individual personnel values
are not generally interpretable in terms of exposure levels.

PROJECT COMMUNICATIONS - S. S. Stief and C. W. Weber

The project-related proposal by Dr. J. B. Storer, ORNL Bfo]ogy Division, for
animal inhalation studies with nickel and nickel oxide powders was reviewed
by UCCND management and recommended to DOE-ORO. It has not yet been approved.

At the August meeting with INCO, we agreed to share any information developed
at K-25 about the thickness of an oxide film on nickel particles. This interest

led to a brief study, soon to be reported by development personnel and trans-
mitted to INCO.
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HIGHLIGHTS

Advanced computational work has begun at ORAU using the U.S. mortality expect-

ancies and the empirical statistics from the subject and control groups of the
epidemiologic study.

A11 smoking history information on individual subject and control employees has
been compiled and submitted to the epidemiologist and biostatistician.

A11 relevant available historical records of occupational exposure to nickel

in the K-25 Barrier Plant were summarized by year and work area and submitted
to the epidemiologist.
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PROJECT PROGRESS REPORT FOR OCTOBER 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

The epidemiologic study of K-25 employees who have been occupationally exposed
to elemental nickel powder is in its advanced stages of analytical work. The
mortality data for the full period from 1948 through 1973 were received from
the National Center for Health Statistics. The keypunched data tape of the
relevant facts was supplied by the K-25 Computer Technology Center (CTC) to
the Oak Ridge Associated Universities (ORAU) Computer Center for use in the
program developed by ORAU.

A letter was forwarded to the Department of Energy - Oak Ridge Operations
regarding a request by the Occupational Safety and Health Administration (OSHA)
for information on occupational exposure to inorganic nickel. The OSHA request
appeared in the September 27, 1977 Federal Register. Our Tetter points out
that this formal study is underway, and a report is expected to be available
early in CY 1978.

PROJECT COSTS

During the month of October, the project costs through September were computed,
as presented below:

Percent

Expenditure Budget Expended
Management & Staff $ 37,100 $ 58,300 64
Oak Ridge Assoc. Univ. 43,056 50,000 86
Computer & Other 10,946 27,700 40
Expense 42,655 64,000 67
TOTAL $133,757 $200,000 67
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EPIDEMIOLOGIC STUDY - E. A. Tompkins and J. H. Godbold

During October, we received .additional data from the National Center for Health
Statistics. This completed the material needed on mortalities from a wide range
of diseases for the years included in the study; data for 1973 had not been in-
cluded in the earlier shipment. A1l relevant data were appropriately identified
and keypunched on tape for computer use. This information will provide the
mortality expectancy figures necessary for statistical treatment of the nickel
and control groups in this study. Arrangements have been made with the K-25 CTC
and the Computer Center at ORAU for the transfer of key-punched data to ORAU for
computation in the person-years program which ORAU has already developed.

The information which has been collected on employee smoking habits is being tabu-
lated and formalized suitably for presentation and interpretation. Death certifi-
cates are being received from various state departments of vital statistics on

those deceased members of our study population for whom we previously had no death
certificates. :

SEARCH OF EMPLOYEE RECORDS - T. G. Fortney, A. Estes, and C. W. Weber

The search of medical records to identify smoking habits of individual members

of the subject and control groups is complete. All gathered information was
entered onto computer printout tables and submitted to the epidemiologist and
biostatistician. Smoking histories were obtained from health questionnaires

which had been filled out by the employees. Of about 2,400 employees in the
study, about 1,300 provided relevant smoking data; information was lacking for
the rest, primarily because they were terminated prior to 1955, when the question-
naires came into use at K-25.

A variety of revisions and additions have been made to the computerized employee
information provided from the Health and Mortality Study (H&MS) bank of facts at
the CTC. For the subject and control employees used in this study, revisions

made as a result of searching basic records are being entered onto a spare print-

out list, to provide CTC personnel a basis for correcting their computer tapes
for future use.

OCCUPATIONAL EXPOSURE DATA - R. D. Gilmore

The K-25 Industrial Hygiene Department completed its review of available plant
records that could potentially provide data descriptive of occupational exposures
to nickel in the barrier manufacturing facilities. With emphasis on the period

from 1948 to 1973, no retrievable useful data were found for the years 1964 to
1973.
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For the years 1948 to 1963, all useful air monitoring data were organized by
year and Barrier Plant work area. With more than 3,000 samples identified,

the exposure data were tabulated with mean values, standard deviations, concen-
tration ranges, and other summarized facts. The final compilation of informa-
tion has been submitted to the epidemiologist.

Biological monitoring (urinalysis) records were also reviewed, but judged to be
inadequate for use as indicators of occupational exposure to nickel at this
time.

PROJECT COMMUNICATIONS - S. S. Stief and C. W. Weber

The project-related proposal by Dr. J. B. Storer, ORNL Biology Division, for
animal inhalation studies with nickel and nickel oxide powders is under considera-
tion by DOE-ORO and INCO.

Information developed at K-25 on the thickness of oxide film on nickel particles
has been reviewed. This information will soon be transmitted to INCO in accord
with our agreement in the August meeting with INCO management.

A letter was sent to DOE-ORO regarding the OSHA request for information on

occupational exposure to inorganic nickel. The advanced status of this epidemiol-
ogy study was indicated.
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" HIGHLIGHTS

The completion report draft for the epidemiologic findings js being reviewed and
will soon be submitted to management of UCCND, DOE-ORO, and INCO for comment.

The Occupational Safety and Health Administration (OSHA) has been formally
advised of the advanced status of this study.
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PROJECT PROGRESS REPORT FOR NOVEMBER 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

The epidemiologic study of K-25 employees who have been occupationally exposed
to elemental nickel powder is almost compiete. A1l of the critical information
needed has been received except a few death certificates. The final report of
the findings has been drafted and is under preliminary review. It will soon be
completed and submitted to UCCND, DOE-ORO, and INCO for comment.

A document was submitted to the Department of Labor - OSHA by DOE-OR0 in response
to the September 27, 1977 Federal Register request by OSHA for information on
occupational exposure to inorganic nickel. Prepared at K-25, the document comments
on the proposed reduction in exposure standards and also indicates that a report
of this epidemiologic study is expected to be available early in 1978. '

- PROJECT COSTS

During .the month of November, the project costs through October were computed, as
presented below:

Percent

Expenditure Budget Expended
Management & Staff $ 37,100 $ 58,300 - 64
Oak Ridge Assoc. Univ. 43,052 50,000 86
Computer & Other 12,626 27,700 46
Expense 43,285 64,000 68 -
TOTAL $136,063 $200,000 68
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EPIDEMIOLOGIC STUDY - E. A. Tompkins and J. H. Godbold

A report draft of the epidemiologic findings of this study was submitted to the
project manager and committee for preliminary review. Revisions and graphic arts
work will be completed before submitting the report to the management of UCCND,
DOE-ORO, and INCO for final review. To eliminate problems of eventual journal
publication, this report will probably be issued as an unclassified K-report,

in which the body of the report will be the epidemiologic findings by ORAU. In

that form, the report will be available to OSHA during their consideration of
standards for nickel exposure.

A1l of the death certificates for the nickel worker group have been received
except for one death, which occurred in Viet Nam. The remaining missing certifi-
cates are for 12 control employees, 1 of whom died in a foreign country. Only

9 of the 50 states have not responded to date, in the search for missing death
certificates.

Receipt of the remaining death certificates will probably change some of the
present statistics. However, no significant revisions are expected in the
findings or the conclusions of this study.

PROJEéT COMMUNICATIONS - S. S. Stief and C. W. Weber

The project-related proposal by Dr. J. B. Storer, ORNL Biology Division, for
animal inhalation studies with nickel and nickel oxide powders has been reviewed
by INCO. That company has returned a suggested revised program, more compre-
hensive in scope and more expensive than the original proposal. This revised
plan is now being considered by UCCND and DOE-ORO.

Information developed at K-25 on the thickness of oxide film on nickel particles
has been sent to INCO. This was a subject of inguiry in the August meeting with
INCO management.

A document prepared at K-25 was sent to the Department of Labor - OSHA by
DOE-ORO in response to the OSHA request for information on occupational exposure

to inorganic nickel. The advanced status of this epidemiology study was indicated.
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HIGHLIGHTS

The final project report is complete and addended to this progress report for
information and review.

The final total costs of the project are estimated at about $176,000.
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PROJECT PROGRESS REPORT FOR DECEMBER 1977
NIOSH STANDARDS EVALUATION OF NICKEL POWDER

INTRODUCTION

The epidemiologic study of K-25 employees who have been occupationally exposed
to elemental nickel is essentially complete. As originally planned, the project
work was budgeted through December, 1977. Final cost estimates are included in
this progress report, the last in the series.

The final report of the project is addended to this progress report. Prepared
by the epidemiologist and biostatistician at Oak Ridge Associated Universities
(ORAU) contracted to this project, the report shows evidence for no increased
rist of mortality due to respiratory cancer among workers exposed to elemental
nickel. '

The authors of the addended project report and other members of the project staff
. wish to expedite the acceptance of the final report. Management of UCCND, DOE-ORO,
and INCO who have assumed responsibility for review are encouraged to return com-
ments and/or recommended revisions as early as possible. Following final revi-
sions, the project report will be available to the Occupational Safety and Health
Administration, which has been advised of the advanced status of this study.

PROJECT COSTS

Although the activities generating costs to this project have been budgeted
through December, 1977, some of the charges will not be realized until January
because of handling delays. The accounts will remain open for pickup of all
costs. An estimate of total project costs has been computed, as presented below:

Estimated Estimated

Total Percent

Expenditure Budget Expended
Management & Staff $ 51,700 $ 58,300 89
Oak Ridge Assoc. Univ. 50,000 50,000 ~ 100
Computer & Other 17,586 27,700 63
Expense 57,016 - 64,000 89
$176,302 $200,000 88

g - — A
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EPIDEMIOLOGIC STUDY - E. A. Tompkins and J. H. Godbold

‘The final report of the study has been completed, subject to acceptance by the

management of UCCND, DOE-ORO, and INCO. As a convenience to those interested

in the project and as an expedient in transmittal, the project report has been
placed as an addendum to this progress report. Later revisions may be incorpo-
rated following review by the above management. Also, minor statistical adjust-
ments may be made later, after the receipt of outstanding death certificates.
However, no significant revisions are expected in the findings or conclusions of
this study.

This project report will be available to OSHA for their consideration in proposing
standards for nickel exposure. Eventually the findings of this epidemiologic
study are expected to be represented by a journal publication; but, in view of
the crowded nature of journal publishing, this cannot be realized in less than
8 to 12 months.
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SUMMARY

This study was undertaken to test the hypothesis of no increased risk of mortality
from respiratory cancer among workers occupationally exposed to elemental nickel

at the Oak Ridge Gaseous Diffusion Plant (ORGDP) when compared to workers at the
same plant with no record of occupational exposure to nickel or its compounds.

The data collected over a minimum 20-year period of follow-up show evidence for

no increased risk of mortality due to respiratory cancer among the exposed workers.

The data also show that the exposed workers experienced somewhat lower mortality
than the controls both for deaths due to respiratory cancer and for deaths due to
all causes, although neither of these differences is statistically significant.
The controls were examined for adequacy, and no gross differences were apparent
even though there were suggestions of differences in smoking histories between
the exposed workers and the controls.




A LONG-TERM MORTALITY STUDY OF WORKERS OCCUPATIONALLY EXPOSED TO ELEMENTAL
NICKEL AT THE OAK RIDGE GASEQUS DIFFUSION PLANT

The first investigations into the health of workers occupationally exposed to
nickel or its compounds took place in the early 1930's due to an apparent propen-
sity of workers at nickel smelters and refineries for cancer of the nasal cavities.
Since then thorough and carefully controlled epidemiologic studies! of respira-
tory cancer have been conducted among nickel refinery and smelter workers in
Wales, Canada, Norway, and Russia. These studies have revealed a significantly
increased incidence of cancers of the lung and nasal cavities among the workers,
with increased risk of respiratory neoplasia being especially associated with
specific operations involving roasting and conversion of nickel sulfide to nickel
oxide. Respiratory cancers in nickel workers have usually developed after long
latent periods, such as are typical of cancers associated with occupational expo-
sures. However, since the 1930's the technology of nickel smelting and refining
has undergone improvements that probably have diminished the risk of respiratory
carcinogenesis. There is only scanty evidence reported in the literature of an
increased incidence of respiratory cancers among workmen who have other types of
occupational exposure to nickel, such as nickel electroplating and grinding.!

To date, there have been no reported investigations of workers occupationally

exposed to pure elemental nickel, but not to other nickel compounds; and since .
there exists a population of such workers at the Qak Ridge Gaseous Diffusion Plant
(ORGDP)*, a study was undertaken to examine the effect of occupational exposure to
elemental nickel on the health of these workers. Exposure to elemental nickel at
ORGDP occurs in the manufacture of barrier, a special porous medium employed in the
gaseous diffusion enrichment of isotopic uranium.

The study undertaken is a mortality study designed to test the hypothesis that
exposure to elemental nickel in this particular working environment has no effect
on mortality due to cancers of the respiratory system. To test this hypothesis,
the mortality of workers occupationally exposed to elemental nickel in the manu-
facture of barrier has been compared to that of workers at the same plant who
have no record of any occupational exposure to elemental nickel or its compounds
during their employment at ORGDP.

In order to make a comparison of the mortality in the two groups, it was necessary
to follow each worker in the exposed and control groups from the date of initial
hire to either death or the termination of the observational period of the study.
The follow-up was facilitated to a large degree by the availability of the data
which had been collected for the ERDA Health and Mortality Study. This data-
collection system included sending a roster of noncurrent employees for whom

there were no death certificates on file to the Social Security Administration.

* QOperated by Union Carbide Corporation - Nuclear Division, under contract to the .
U.S. Department of Energy.




From their records, Social Security identified those individuals on the roster
who were dead; and from this information, searches were made in the various state
health departments for the corresponding death certificates. The last submission
of a roster to Social Security occurred early in 1974 for those individuals who
were noncurrent as of December 31, 1973. Therefore, with this system of identi-
fying deaths in the study population, it was necessary to terminate the observa-
tional period for this study on December 31, 1973.

Since the majority of the population of workers in the barrier plant was initially
hired before 1954, it was decided to limit study to this group, thereby assuring

a minimum twenty-year follow-up period for each exposed individual. From the
inception of barrier manufacture at the ORGDP in January, 1948, to December 31,
1973, there have been 929 employees whose work history shows a department code
identifying them as barrier workers. Of these 929 employees, 852 were initially
hired into or transferred into the barrier plant before January 1, 1954; and of
these 852 employees, there were 814 white males and 38 white females. Furthermore,
since all the deaths due to respiratory cancers occurred among white maies, statis-
tical analysis was restricted to these 814 individuals.

The control group for the study was obtained by drawing a 25 percent sample of
all white male employees at ORGDP with no record of occupational exposure to
nickel or its compounds in this plant (or in other UCC-ND plants) and whose
period of active employment included at least one day in the period January 1,
1948, through December 31, 1953. By being selected in this way, these employees
had the potential for being hired into or transferred into the barrier plant
during the same time period as the exposed population. The 25 percent sample
yielded a total of exactly 1,600 white male employees.

CAUSES OF DEATH

Once the study population was identified, each individual was followed until
either death or termination of the observation period, December 31, 1973, by the
method earlier described. This follow-up resulted in the identification of 90
deaths among the 814 exposed workers and 284 deaths among the 1,600 controls.

For the 90 deaths among the barrier plant workers, death certificates were located
for all except one individual. For this person, Social Security provided informa-
tion that the death was a military casualty of the Vietnam War. A death certifi-
cate was unable to be obtained from the Department of Defense without a military
service number, but the death has been classified as a military casualty. For

the 284 deaths among the controls, death certificates have been obtained for atl
except 11 individuals.

These deaths for both exposed (nickel worker) and control groups are displayed by
cause in Table 1 under the heading observed deaths. The 11 deaths for which

death certificates have not yet been obtained have been distributed (as a
temporary statistical propriety) among the causes of death in the same proportions
as those 273 deaths for which certificates were obtained, yielding fractional
numbers of observed deaths among the controls. This allocation was done under the
assumption that the distribution of the causes of the 11 deaths with no certifi-
cates does not differ from that of the 273 deaths with certificates.

§ince the cause of death under investigation, cancer of the respiratory system,
js one for which the probability of death is extremely low, few deaths would be
expected to be due to this cause in either the exposed or the control groups.




Table 1
"OBSERVED AND EXPECTED DEATHS BY CAUSE FOR NICKEL WORKERS AND CONTROLS

NICKEL WORKERS CONTROLS
Observed Expected Observed Expected
ALL CAUSES 90 122.78 284.00 354.25
Infective and Parasitic Diseases 0 1.80 2.08 5.70
Malignant Neoplasm 18 22.39 54.09 65.75
Buccal Cavity and Pharynx 2 .80 1.04 2.31
Digestive Organs and Peritoneum 3 6.01 11.44 19.18
Respiratory System 3 7.52 24,97 21.44
Nasal Sinus 0 * 0.00 *
Bone, Connective Tissue, Skin, and Breast 2 1.03 1.04 2.49
Malignant Melanoma 2 .53 0.00 1.25
Genitourinary Organs 3 2.08 5.20 7.28
Other and Unspecified Sites 2 2.26 5.20 6.12
Lymphatic and Hematopoietic 3 2.69 5.20 6.93
Benign Neoplasm and Neoplasm - Nature Unspecified 1 .43 0.00 1.09
Endocrine, Nutritional, and Metabolic Diseases 4 2.06 1.04 5.91
Diseases of Blood and Blood-Forming Organs 0 .25 2.08 .78
Mental Disorders 0 - .89 4.16 1.97
Diseases of Nervous System and Sense Organs 0 1.22 2.08 3.07
Diseases of Circulatory System 38 57.84 151.88 181.75
Diseases of Respiratory System 5 5.88 14.56 18.65
Diseases of Digestive System . . 4 7.49 3.12 19.36
Diseases of Genitourinary System 1 1.67 6.24 5.16
Diseases of Skin and Subcutaneous Tissue 0 .09 0.00 .25
Diseases of Musculo-Skeletal System and Connective Tissue 0 .23 0.00 .61
Congenital Anomalies 0 .42 0.00 .88
Symptoms and [11-Defined Conditions 6 1.50 7.28 3.88
Accidents, Poisonings, and Violence 13 18.62 35.36 39.44
A1l Accidents 6 13.02 22.88 27.56
Motor Vehicle Traffic Accidents 3 6.40 13.52 12.90
Water Transport Accidents 0 .39 1.04 .76
Air and Space Transport Accidents 0 .55 2.08 .97
Accidental Drowning 1 .53 1.04 1.1
Other Accidents 2 5.15 5.20 11.82
Medical Misadventure 0 .15 1.04 .38
Su1§1Qe 6 4.25 7.28 9.31
Homicide 0 1.18 4.16 2.24 '
Military Casualty 1 * 0.00 *

* Unable to be calculated from Vital Statistics data.




Associated with a small number of observed deaths from such a cause is a rela-
tively large amount of variability. Ratner than compare the observed deaths due
to cancer of the respiratory system in the exposed group directly to the corre-
sponding observed deaths in the control group, it was decided to compare the two
groups indirectly by comparing each of them directly to the observed deaths in
the U.S. white male population.? - Since the national population is as large as
it is, it contains virtually none of the variability present in smaller popula-
tions.

The direct comparison of each group of workers to the U.S. white male population
was done by calculating an expected number of deaths for that group based on
national mortality rates and then forming the ratio of the observed number of
deaths to the expected number of deaths to give a Standard Mortality Ratio (SMR)
for cancers of the respiratory system.* It is easily seen that should the observed
number of deaths due to respiratory cancer for either group turn out to be equal
to the expected number, then the SMR for respiratory cancers for that particular
group would be 1.00. For each group, the expected number of deaths is calculated
by applying the age-, sex-, race-, year-, and cause-specific mortality rates in the
U.S. population to the age- and year-specific person-years at risk in that
particular group of the study population, thereby adjusting for any differences
in age or time of survival between the two groups. The calculation of expected
numbers of deaths and the resulting SMR's was necessary only for Malignant Neo-
plasms: Respiratory System since that was the only cause of death under test.
From Tabie 1, the SMR's for respiratory cancer for the nickel barrier workers
(3/7.52) and the controls (24.97/21.44) are calculated to be 0.40 and 1.16,
respectively. (For nasal sinus cancer, a special form of respiratory cancer,
there were no observed deaths for either group.) Since in Table 1 the observed
deaths have been tabulated by cause, expected numbers of deaths have also been
calculated for all remaining causes of death and are displayed there along with
the observed numbers of deaths for the sake of completeness.

ADEQUACY OF CONTROLS

Since the SMR's for the exposed nickel workers and controls are calculated
separately, each on the basis of the U.S. population, primary interest then
focuses on the difference between the two SMR's for deaths due to respiratory
cancer; i.e., 0.40 for nickel workers and 1.16 for controls. This difference

can be evaluated statistically by forming a confidence interval for each SMR.

By use of the method described by Haenszel et al.3 for calculating 95 percent
confidence intervals, the interval for exposed workers is (0.08, 1.17), while
that for the controls is (0.75, 1.72). On the basis of this analysis, it is

seen that there is no statistically significant difference between the two groups.

However, even though the two groups do not differ statistically, the fact that

the SMR for respiratory cancers for the nickel barrier workers is 0.40, while

that for the controls is 1.16, raises the question of the adequacy of this
particular group of controls. In other words, are these two groups of employees
similar in all respects relating to the outcome under investigation, or are there
differences between them that could account for this observed difference in SMR's?

* Strictly speaking, SMR's can be compared only for those causes of death for

which the study was designed. Other SMR's cannot be compared validly because
of their interdependence.




The question could alternatively be asked, with a different emphasis, as: Are .
there differences between the two groups that could cause a masking of a statis-
tically significant result? Three indicators will be used in an attempt to

answer this question: overall mortality, smoking histories, and socioeconomic
status.

OVERALL MORTALITY

The reason for using overall mortality for assessing the adequacy of the controls

is that it provides a measure in a general sense of the propensity for dying by
individuals in the two groups. For example, white females would be a poor control
group for this population of white males because overall they experience a lower
age-specific mortality rate. The fact that the cause of death under test in this
study, i.e., respiratory cancers, is included in the 471 Causes category is not

of real concern because this cause is a relatively rare one; and even if there

were a detectable difference in this cause due to occupational exposure to ele-
mental nickel, the overall mortality for the two groups should be similar, all

other things being equal. From Table 1 the SMR's for deaths from All Causes are
calculated to be 0.73 for the nickel workers and 0.80 for the controls. The

95 percent confidence intervals are (0.59, 0.91) for the nickel workers and

(0.71, 0.97) for the controls; and,as before, there is no statistically signifi-

cant difference between these two groups. The fact that the SMR's are so similar
lends support to the claim that the control group is an adequate control with

respect to the underlying force of mortality; the fact that they differ in the

same direction for ALl Causes as they do for Malignant Neoplasms: Respiratory
System suggests the possibility that a selection bias may have been involved in ‘
the hiring or transferring of healthier people into the barrier plant or that
something associated with employment in the barrier plant acts in a protective
way on the health of these workers. Also, the SMR's (with their confidence
intervals) for deaths from Al7 Causes point out that both groups of workers
appear to be somewhat healthier than the general U.S. white male population.
There are at least three possible explanations for such a finding. The first

is the active preventive medicine program which has been in effect at ORGDP since
the opening of the plant. The second is the possibility of under-reporting of
deaths by Social Security; and the third is the so-called healthy-worker effect,*
compared to the general population. ‘

SMOKING HISTORIES

The second area of assessing the adequacy of this particular group of controls
is the comparison of their smoking histories to the smoking histories of the
nickel barrier workers. The reason for this comparison is the long-recognized
association between cigarette smoking and respiratory cancers; and, thus, dif-
ferences in smoking habits between the two groups could help to account for
differences or lack of differences in deaths due to respiratory cancer. At the
time of initial hire of each individual in this study (i.e., on or before
December 31, 1953), no question was asked the employee for the medical record
concerning smoking habits. However, in 1955 the use of the Cornell Medical
Index Health Questionnaire, which contained the question, Do you smoke more than
20 cigarettes a day? was instituted. For each employee in the study, the first
response to this question appearing in his medical record was used; for some
employees, this question was not answered because of termination prior to 1955.




The percentage distribution of responses for the two groups is shown in

Figure 1.* From these data, it is seen that the two groups are comparable in
the percentage answering the question Yes, but that more nickel workers than
controls answered the question No. This difference is compensated for by a
higher percentage of controls having no answer to the question. If those
persons for whom smoking histories are not available are similar in their
smoking habits to those for whom smoking histories are available (there is no
evidence to indicate otherwise), then there would be a larger proportion of
smokers in the control population than in the barrier workers. If such were
the case, this could account for the higher SMR for respiratory cancers in the
control group. However, if those persons for whom questionnaires are not avail-
able differ in their smoking habits from those for whom questionnaires are
available, then it is possible for the larger proportion of smokers to be in
either group. As a result of such a large number of workers in the wnknown
category, it is not possible to draw definitive conclusions about the influence
of smoking habits on the reported mortality of workers in this study.

SOCIOECONOMIC STATUS

The third area of comparison of the controls to the nickel barrier workers is
that of socioeconomic status. This comparison is a natural one since lower
socioeconomic groups have been shown to experience higher mortality rates for
respiratory cancer than the higher groups.® The two indicators of socioeconomic
status which will be used on this population are Zength of employment and
payroll status. In Figure 2 the percentage distributions for length of employ-
ment**of the two groups of workers are displayed by five-year intervals. These
data show that there are more controls in each of the extreme categories; i.e.,
the 0-4 year periodt and the 25-29 year period (as well as the final year)ft.
A shorter length of employment would indicate lower socioeconomic status; while
a longer period would indicate higher status. Thus, these data indicate that
the control group is a more heterogeneous group than the barrier workers with
respect to this particular indicator.

Regarding payroll status, on each employee's personnel record a notation of his
payroll status at time of initial hire is entered as hourly, weekly, or monthly.
Each time subsequent to this that his payroll status changes, notation is again
entered on the personnel record. From these data, it is possible to derive

seven combinations of the payroll status categories, disregarding ordering

within each combination. The seven combinations are the following: hourly,
weekly, monthly, hourly-weekly, hourly-monthly, weekly-monthly, and hourly-weekly-
monthly. The percentage distributions for the two groups of workers by the seven
combinations of payroll status are shown in Figure 3. These data show the nickel

* In a number of medical records, in Tieu of the Cornell Questionnaire, a
company form provided equivalent information on smoking habits.

** Some employees of both groups were employed at other sites for the same
employer during the period of observation, 1948-1973.

+ The 0-4 year period goes up to, but does not include, the 5th anniversary.

++ This is the year after the 30th anniversary. The full employment period
studied is from 1943 through 1973, a total of 31 years.
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workers exceeding the controls percentage-wise in the hourly and the hourly-
weekly combinations, near equality for the hourly-weekly-monthly combination,
and the controls exceeding the nickel workers in the four remaining combina-
tions. This analysis supports the view that the controls are a more hetero-
geneous group socioeconomically; the nickel workers are about 90% hourly and
hourly-weekly employees, whereas the controls are about 64% in those two cate-
gories. The nickel workers would seem, therefore, to be a lower socioeconomic
group, if anything, than the controls. This finding is directionally incon-
sistent with the lTower respiratory cancer mortality among the nickel workers;
and, thus, does not appear to be its explanation.

Now that the controls have been compared to the nickel barrier workers for
adequacy with respect to overall mortality, smoking history, and socioeconomic
status, the data do not show them to be grossly inadequate in any particular
respect. The general mortality data support the directional trend of the nickel
workers' being the healthier group; the smoking data could possibly account for
the differential respiratory cancer mortality if, in fact, the controls as a
group are heavier smokers; the socioeconomic data indicate more heterogeneity
among the controls with indications of the nickel workers' being a lower socio-
economic group, a finding directionally inconsistent with the mortality data
previously examined.

MAXIMUM RISK

Even though the data do not show a statistica]]y significant difference between
the exposed group of workers and either the in-plant controls or the U.S. white
male popu]at1on with regard to respiratory cancer mortality, the question arises
as to what is the maximum risk with which the observed data for\the exposed
workers is consistent. Using tables of the Poisson distribution,® it is seen
that an expected number of deaths from respiratory cancer of greater than 7.76
in the nickel barrier workers would make the observed number of three cases
significantly Tow. Since the expected number of deaths for this cause based on
U.S. white male exper1ence is 7.52, we see that the data show good evidence for
no increased risk in respiratory cancer among the nickel barrier workers over
that expected on the basis of national experience. Since the in-plant controls
experienced more respiratory cancer deaths than expected based on U.S. white
male data, it can also be said that data collected in this study provide good
evidence for no increased risk of mortality due to respiratory cancer on the

part of the nickel barrier workers over that expected on the basis of the in-
plant controls.

OTHER OBSERVATIONS

In addition to the particular cause of death under investigation, several other
observations on the data in Table 1 are worth mentioning. Although both groups
are running below expectancy in Diseases of the Circulatory System, the controls
are experiencing higher mortality than the nickel barrier workers. Higher
mortality of controls also applies to Mental Disorders. Areas where the nickel
barrier workers are experiencing higher mortality than the controls are cancers

of the Buccal Cavity and Pharynx, Malignant Melanoma, and Symptoms and I11-Defined
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Conditions. It is not within the scope of this investigation to probe further
into these particular causes, but further study might prove to be of interest.

For the sake of completeness: there was only one observed death occurring
among the 38 white female nickel workers employed during the period of study;
it was due to Malignant Neoplasm: Digestive Organs and Peritoneum.

NICKEL EXPOSURES

Another area of inquiry in this study was the levels of nickel to which the
barrier workers were exposed. The ORGDP Industrial Hygiene Department re-
viewed all available plant records that could potentially provide data descrip-
tive of occupational exposures to nickel in the barrier manufacturing facilities.
Emphasis was placed on obtaining data collected during the period 1948-1973.
The data presented in Table 2 represent more than 3,000 air-monitoring samples
collected in the Barrier Manufacturing Plant from 1948 through 1963. No air-
monitoring data were located for the years 1964-74, due to the fact that in
1963 and until 1975, the industrial hygiene monitoring functions were the
responsibility of the various plant operating divisions; and sampling was per-
formed only on an as-needed basis. Biological monitoring records (urinalysis)

were reviewed but judged to be inadequate for use as indicators of occupational
exposure to nickel.

CONCLUSION

In conclusion, this study was undertaken to test the hypothesis of no increased
risk of mortality from respiratory cancer among workers occupationally exposed
to elemental nickel at ORGDP when compared to workers at the same plant with no
record of occupational exposure to nickel or its compounds. The data collected
over a minimum twenty-year period of follow-up show evidence for no increased
risk of mortality due to respiratory cancer among the exposed workers. The

data also show that the barrier plant workers experienced somewhat lower mortal-
jty than the controls both for deaths due to respiratory cancer and for deaths
due to all causes, although neither of these differences is statistically signif-
jcant. The controls were examined for adequacy, and no gross differences were
apparent even though there were suggestions of differences in smoking histories
between the exposed nickel workers and the controls.
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. Table 2. LEVELS OF NICKEL FROM AIR SAMPLES IN THE
BARRIER MANUFACTURING PLANT (1948-1963)

Sample
Standard Duration Mode
Location N1 Mean? Range? Deviation? in Min.
Manufacturing
Areas:

M-1 2,220 2.19 0-566.0 18.55 30
M-2 219 13.30 0-459.0 48.49 60
M-3 217 1.33 0-140.8 9.81 60
M-4 17 0.19 0- 1.00 0.25 30

Support Areas:

. S-1 328 1.06 0-103.1 6.62 30

S-2 4 0.28 0- 1.00 0.49 30
é—3 4 0.08 0- 0.10 0.05 30
S-4 3 0.00 0-0 0 30
$-5 29 0.43  0- 6.90 1.31 30
S-6 13 4.99 0- 62.90 17.40 150
S-7 4 0.05 0- 0.20 0.10 30
S-8' 8 0.00 0-0 0 30
S-9 6 0.00 0-0 0 390

1 Number of Samples Collected.

2 pata expressed in mg/md of air.

|
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.DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
: : Public Health Service
National Institutes of Health
National Cancer institute
! Division of Cancer Cause and Prevention
Bethesda, Maryland

MINUTES

Fifteenth Meeting of the Chemical Selection Subgroup of the
Clearinghouse on Environmental Carcinogens
) May 25, 1373
Building 31 Conference Room 7

.
.
G VO

Chemical Selection Subgroup Members Present

pavid B. Clayson (Chairman), Eppley Institute for Cancer Research? .
Norton Nelson, New York University Medical Center :

-Verne A. Ray, Pfizer Medical Research lLaboratory
Kenneth Wilcox, Michigan State Health Department
James M. Sontag (Executive Secretary), NCI

{ : .

VChemical Selection Subgroup Members Absent

William Lijinsky, Frederick Cancer Research Center

g paul 0.P. Ts'o, Johns Hopkins University 3
B! Ad Hoc. Members Present
4 _ Winston deMonsabert, FDA
o Program Reviewers
3 e , o
'_ﬂ T. Cameron, NCI _ -
A David Gould, EPA -~
oy ) A. Gregory, NIOSH , o
3 H. Kraybill, NCI - e T
- D J. Sevin, NIOSH ‘

‘Elisabeth Weisburger, NCI




Other NCI staff Present

2 Unidentified Guests

{.C. Blackwood

J.F. Douglas

Richard Griesemer

C.K. Grieshaber

W.V. Hartwell

C.W. Jameson

Carolyn Lingeman . ' - i
Caroline Webb

Guests Present

Chris Connor, EPA

Victor Fung, SRI international

Neil Froemming, Chemical Regulation Reporter
Harry Hays, USDA '
Laura Owen, Toxic Material News

peter A. Pearl, Gillette Co. .

Judy Patt, Biospherics
patrick Siu, FDA

M.J. Sloan, Shell 0il Co.
J. Stauee, Biospherics

I. Call to Order,

pr. Clayson opened the fifteenth meeting of the Chemical selection Sub-
group of the Clearinghouse on Environmental Carcinogens. The minutes
of the fourteenth Subgroup meeting were approved as written. ~

Dr. Nelson remarked on 3 letter received from Dr.. Lloyd Tepper of

Air Products and Chemicals. Dr. Tepper took exception toO the statement’
in the minutes of the last meeting attributed to Dr. Nelson concerning

Yoo polyvinyl chloride latex .... a component of water-based paints cesd
In the letter, Dr. Tepper states ".... that there is no commercially
available paint based on polyvinyl chloride emulsions.'' Dr. Nelson

" indicated that he did not know the correctness of this assertion. .

There was no response to a call for public statements.

{1. Report on Clofibrate

pr. Clayson noted that Clofibrate had been selected earlier with low
priority by the NC! Chemical Selection Working Group (CSWe). 1t was
subsequently deferred by the Clearinghouse Subgroup in order to deter~
mine the FDA's interest in the substance and to clarify the previous
test data. The FDA informed the CSWG that it was reviewing the animal’

studies and recommended no further testing at present.




1il. Chemical Nominations

. METAL CLASS

/ Nickel Sulfate, Nickel Oxide, and Nickel Dust. Based on the information
/ received from Or. E. Mastromatteo of INCO Limited, Dr. Clayson suggested
; Nickel Sulfate, Nickel Oxide and Nickel Dust all be considered by the
; Subgroup. Dr. Gregory commented on the difficulty of identifying the
: specific nickel compound(s) posing a human cancer risk. He noted that

exposure to nickel fumes was an important occupational problem.

; br. Clayson said that major determinants in selecting the appropriate
i nickel derivative were bioavailability and route of exposure. Because
: of the ill-defined nature and workplace variability of Nickel Dust,
| he opined that it should be given a lower test priority than Nickel
{ sulfate and Nickel Oxide. Dr. Nelson noted that the compounds may
| become bioavailable in different ways, based on their solubility. He
i agreed that Nickel Sulfate and Nickel Oxide should receive the highest
B priority and that the emphasis should be on inhalation exposure.
B Dr. Nelson suggested that lung implant studies might be an inexpensive,
| comparative means of studying the range of suspected nickel compounds.
\ pr. Clayson recommended that nickel fumes and nickel dust be considered
\ again when more specific data on them were available for discussion.

' ‘ A " Dr. - Se¥ 1. ted an epidemiologic study in which workers and the local ‘
o popul;tiéﬁfassociated with an Indonesian nickel ore smelter were at
;i . an exceéss lung cancer risk. Although the Nickel sulfide was produced,
3 - - she said the oxide was exhausted into the air.
¥ N on a linear (1 to 10) scale of progressive priority, Nickel Sulfate re-

ceived a mean testing score of 8.0; Nickel Oxide a mean testing score of
7.2; and Nickel Dust a mean testing score of 3.2.

selenium. Dr. Kraybill said a question existed about earlier studies
suggesting that Selenium may be carcinogenic. Other studies have shown
R Selenium to have a tumor inhibitory activity. Selenium exposure may

! : occur by different routes, including ingestion and inhalation. [t was
) noted that Selenium is an essential element at physiologic levels. The
CSWG selected Selenium with high priority.

Dr. Clayson noted a recent NC! study showing Selenium Sulfide to be
4 . carcinogenic in rats and mice (DHEW Publication No NIH-79-1750). _He
% ’ recommended that more information was needed about the metabolism
3 of Selenium itself before deciding if a carcinogenicity study should
! be undertaken. Metabolism studies are essential to determine absorption
and distribution of Selenium at high levels, since peak exposures con-
H - stitute the major concern. Dr. Clayson opined that levels of Selenium




in drinking water were sufficiently low as not to present particular
concern. He recommended that Selenium be given low priority unless
evidence showed significant absorption at high exposure levels.

Dr. Nelson agreed that metabolic studies should be done, though he
was uncertain as to the most meaningful type of carcinogenicity study.
He suggested that Selenium should recieve iow priority if tested by
routine procedures. Dr. Clayson recommended that a research effort
was needed to investigate Selenium, rather than a simple test of its

_ carcinogenicity.

Dr. Wilcox noted that the major occupational hazard probably is not
from Selenium itself but rather from some forms of Selenium, which
likely vary in solubility. Dr. Gregory confirmed that occupational
exposure may be to several different forms of Selenium. Exposure to
Selenium itself comes from grinding operations or fumes from vapori-

zation, although exposure by these ways affect a relatively limited
number of workers.

»

On a linear (1 to 10) scale of progressive priority, Selenium received
a mean testing score of 2.2.

Ferroselenium. Dr. Kraybill indicated that Ferroselenium was nominated
by the CSWG based on the lack of chronic toxicity data and on the com-
pound's high production volume. He noted the possibility of iron and

selenium'blood levels increasing when Ferroselenium was used as a com~
ponent of steel implants. '

“Dr. Clayson questioned the need to test Ferroselenium, given the fact

that Selenium Sulfide already has been shown to be carcinogenic. A
discussion ensued regarding the feasibility of lowering the regulatory
standard for Ferroselenium if the compound was found to be carcinogenic.
Dr. Clayson said there was an inadequate amount of biological data on
Ferroselenium on which to determine the need to test the compound. It.
was pointed out that the TLV on Ferroselenium was established more on
empirical than hard data. On a linear (1 to 10) scale of progressive
priority, Ferrorselenium received a mean testing score of 3.1.

Sodium Selenite. Dr. Gregory said Sodium Selenite was nominated based
on the general carcinogenic suspicion of selenium compounds; a pre- "
liminary but inadequately controlled study, showing hepatomas in rats
orally administered the compound; and an increasing production trend.
He added that occupational exposure to Sodium Selenite has not been
shown to be a hazard. Sodium Selenite has been demonstrated to inhibit
tumor production by various carcinogens.and also to be mutagenic. '

Dr. Nelson said that Sodium Selenite should be considered as part of
the general selenium issue, particularly with respect to dietary intake.

_He did not view occupational exposure to Sodium Selenite to be a serious.

problem and, in this regard, gave the compound a low testing priority.
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Despite interesting scientific questions for testing 'the compound,

on more practical grounds, Dr.
should be given a low testing P
be considered as part of the ge
out that selenized yeast is use
on a linear (1 to 10) scale of

Clayson agreed that Sodium Selenite
riority. tHe also thought it should
neral selenium issue. it was pointed
d as a growth promoter in animal feed.
progressive priority, Sodium Selenite

received a mean testing score of k1.

Sodium Dichromate. (This compound was originally presented as Sodium
Chromate.) Dr. could said that Sodium Chromate was given moderate

priority by the CSWG based on i
genicity, and the fact that it
pound. He noted that the testi

ts human exposure, suspicion of carcino-
represented a soluble chromium (V1) com-
ng of Sodium Chromate would be an attempt

to identify the chromium compound associated with increased cancer
rates in workers exposed to mixtures of chromium compounds. Dr. Gould
indicated that Sodium Dichromate actually was the major substance of
commerce and should be the compound considered for test. He said that
Lead Chromate and Calcium Chromate have been shown to be carcinogenic
in experimental animals. Dr. Gould discussed the various industrial

uses of chromium.

Given the fact that several chromium compounds already have been shown

to be carcinogenic, Dr. Wilcox

Dichromate. Even if Sodium Dichromate was found to be carcinogenic,.
it would be difficult to confirm that it was the only active chromium

wondered about the need to test Sodium

compound in an occupational exposure sjtuation. A discussion ensued
tegarding .the relationship of salubility to carcinogenicity and to

the appropriate route of exposure. Dr. Gregory noted that occupational
exposure was much greater for the insoluble chromates than for the sol-
uble ones. He suggested that the insoluble compounds are more likely
to be carcinogenic. Dr. Nelson noted three major occupational exposure

settings; i.e., mining, production of chromium compounds, and plating
operations. An increased cancer rate has been most conclusively shown

pr. Clayson suggested that the

“among workers associated with the production of chromium compounds.

irritating properties of chromium may act

as a cocarcinogen. He recommended that chromate be tested as a promoter
in the lung, as well as a complete carcinogen. Dr. Nelson opined that

under the right conditions (e.g., alkalinity, persistence, and exposure”
time), Sodium Dichromate probably would be carcirogenic. He viewed the-
issue as more of a quantitative problem than a qualitative one. ’

"On a linear (1 to 10) scale of

progressive priority, Sodium Dichromate

received a mean testing score of 3.3.

Cobalt and Cobalt Sulfate. Dr
Trom Africa and its processing
Production workers may be expo

. Sevin said that Cobalt comes primarily
is confined to one facility in the U.S.
sed to a variety of Cobalt and Nickel ‘
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production, no human or animal data were found on its potential health

salts. Dr. Sevin described the major usages of Cobalt and Cobalt
Sulfate and areas of potential human exposure. Occupational exposure
occurs mainly through inhalation. Cobalt was reported to' produce
Jocal sarcomas in rats following intramuscular or intrathoracic
injections. No carcinogenicity studies were found on Cobalt Sulfate.

Dr. Sevin mentioned several disease conditions associated with Cobalt
exposure.

Dr. Ray questioned the need to test both Cobalt and Cobalt Sulfate
for carcinogenicity. He recommended that Cobalt be given a moderate
testing priority. Dr. Wilcox suggested that Cobalt salts may be of
most interest because of their solubility.

on a linear (1 to 10) scale of progressive priority, Cobalt received
a mean testing score of 6.2 and Cobalt Sulfate a mean testing score
of 5.0. ' "

TEXTILE SPECIALTY CLASS

»

Stearatochromic Chloride Complex. Although the compound was identified
during the review of Textile chemicals, Dr. Weisburger said its most
appreciable use was as a food packaging material. Despite its

effects. Stearatochromic Chloride Complex was selected by the CSWG
with moderate priority. i

Dr. Nelson noted the possibility of Stearatochromic Chloride Complex
contaminating food. He indicated that it should receive a "middle"
priority given the lack of information on its potential hazard. :
Dr. Ray suggested the compound be tested in a battery of short-term tests.

Regarding the approved use of Stearatochromic Chloride Complex by FDA,.
Dr. Siu said that migration would have to be virtually zero from the.
packaging material into the food. He cautioned that it was important
to examine the specific approved uses of the compound. Dr. Clayson
commented that the relative priority given to the chemical would ‘
depend upon whether the substance contaminated foods.

On a linear (1 to 10) scale of progressive priority, Stearatochromic e
Chloride Complex received a mean testing score of 1.3. “

PLASTICIZERS

Tricresyl Phosphate. Dr. Cameron said that Tricresyl Phosphate wasi

celected as a representative aryl phosphate based on its high pro-
duction. He reviewed the various usages of the substance. Tricresyl
Phosphate was reported not to be mutagenic in the Ames assay. e
Dr. Cameron noted that the compound was recommended for testing to

the EPA by the TSCA Interagency Testing Committee. Tricresyl Phosphate
was selected by the CSWG with low priority . ok
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Based mainly on production volume, Dr. Ray suggested that Tricresyl .
Phosphate receive a medium to low priority for testing. DOr. Wilcox
agreed to a moderately low priority.

On a linear (1 to 10) scale of progressive priority, Tricresyl Phosphate
received a mean testing score of 2.3.

Tri(2-chloroethyl) phosphate. Dr. Cameron commented on the production
and usages of Tri(2-chloroethyl)phosphate. The compound was selected
from among the alkyl phosphates and given a moderate priority by the
CSWG. Tri(2-chloroethyl)phosphate was selected based on the fact that
it is an environmental contaminant ind structurally related to the
carcinogen, Tris(Z,B-dibromopropy])phosphate.

Although the substance has been detected as an environmental contaminant
in fish, Dr. Wilcox said there were no data as to how widespread or
serious was the problem. He recommended a moderate testing priority.
Dr. Ray noted that Tri(2-chloroethyl)phosphate was inactive in the

Ames assays, unlike Tris(2,3-dibromopropyl)phosphate. He suggested

a low testing priority be given to the compound.

on a linear (1 to 10) scale of progressive priority, Tri(2-chloroethyl) -
phosphate received a mean testing score of 2.3.

Neohesperidin Dihydrochalcone {Neo-DHC). Although he had had no dealing
With the substance, Dr. Clayson abstained from the discussion on Neo-

DHC because of his consulting activities related to artificial sweeteners.
Dr. Nelson served as the Chairman for the Subgroup's discussio of Neo-DHC.

Dr. Kraybill said that Neo-DHC was a product obtained from the rind of
citrus fruits. The USDA was particularly interested in it as a potential
non-nutrient sweetener. Neo-DHC was found to be inactive in a two year
carcinogenicity study in rats, sponsored by the USDA. Certain inadequacies
in the study, however, limits its value. Dr. Kraybill said that Nutritite,
a commercial company interested in marketing Neo-DHC, was not in a position
to support the additional long-term bioassay studies required by FDA.

The CSWG selected Neo-DHC for testing in mice with a high priority.

Dr. Hays said that the USDA considered it to be in the public's best
interest for the government to sponsor the necessary tests on Neo-DHC.
Dr. Siu indicated that the FDA considered the USDA-rat study to be an
inadequate test of Neo-DHC's carcinogenicity. fe added that FDA had
recommended to Nutrilite that carcinogenicity studies be undertaken

in both the rat and mouse, as well as multi-generation reproductive
and metabolism studies. '
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Because of the potential importance of the substance, Dr. Wilcox
recommended that additional carcinogenicity studies be done in both
rats and mice. Dr. Nelson said that a total toxicologic evaluation
of Neo-DHC should be undertaken, including a multi-generation car-

cinogenicity 'study. He recommended that Neo-DHC be given a high
testing priority.

A discussion ensued as to the appropriateness of the government sup~
porting studies on a substance of commercial value. Dr. Ray opined
that industry should bear the cost of such testing. A question

arose regarding the patentability of the process by which Neo=-DHC

is derived. The Subgroup members generally agreed that, on scientific
grounds, Neo-DHC should be tested; the decision as to who should pay

" for the tests being made by the appropriate government officials.

Dr. Griesemer indicated that the question of financial responsibility
would be considered when Neo-DHC is brought before the National
Toxicology Program.

on a linear (1 to 10) scale of progressive priority, Neo-DHC received
a mean testing score of 6.1. A motion was approved indicating that
the Subgroup rating was based on the need to test Neo-DHC and did

not concern financial responsibility for testing. Dr. Ray abstained
from the vote and Dr.- Clayson disqualified himself.

fv National Toxicology Program

Dr. Griesemer described the activities of the National Toxicology Program
(NTP), particularly with respect to chemical selection. He briefly com=
mented on the principles used by the NTP for chemical selection and

on the types of substances and circumstances considered in making

selections. He noted that industry would bear the responsibility for
testing whenever possible. :

Each of the eight NTP member agencies nominate chemicals. A coordinating

group assembles the information, which is then reviewed by a NTP Chemical

Nomination Group. Testing recomnmendations are made for all relevant
‘toxicologic end-points and a priority rank assigned to each chemical.
The final recommendations and priorities are submitted to the NTP
Executive Committee for approval. Responsibility for testing resides
with the NTP Director. .

Experimental designs and specific types of tests are developed based
on the needs of the individual agencies. After the appropriate tests
have been identified and developed, the chemical is again submitted
to the Executive Committee for approval. Dr. Griesemer commented on
the various types of tests that could be undertaken.

Dr. Griesemer suggested that the Clearinghouse Chemical Selection
Subgroup would be most useful in continuing to nominate chemicals




for carcinogenicity studies. He added that reviewing chemicals by
classes was particu]arly advantageous since the interests of most

of the other agencies were more restricted.” The identification of
- research problems also would be a useful function of the Subgroup.

Dr. Clayson noted that one attraction of the Clearinghouse is that it
is the only chemical selection group that meets in public sessions.
Dr. Griesemer emphasized the necessity to document the rationale for
selections sO that the Subgroup's concerns will be adequately consid-
ered. He noted that some of the Subgroup's nominations may. not be
tested by the NTP because attempts will be made to have industry
sponsor the testing. It was suggested that the Subgroup be kept

informed of how its selections are fairing vis-a-vis nominations
from other agencies.

- As there was no further business, Dr. Clayson adjourned the meeting.
é ) . ‘ - Llensr A //7<fiz4{t?
i ; » James/ﬁ.’§pﬁtag, PK.D.
y Executive Secretary

¥
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Priority Ranking

Shown below is the numerical ranking given by the Clearinghouse Chemical
Selection Subgroup to those chemicals scored since November 1977. The
ranking was done using a linear (1 to 10) scale of progressive priority.
The final score of a particular chemical represents the aritmetic mean
of the Subgroup members present and casting votes.

T3

SUBSTANCE SCORE
Isoproterenol Hydrochloride (CAS No. 51309) cevecececvencees 8.7
Hydrochlorothiazide (CAS NO. 585935) +eveesceresnsonsnccnnncs 8.3
Tetracycline Hydrochloride (CAS No. BH755) seevevccnonacncns 8.3
Cadmium Oxide (CAS No. 1306190) ...cveveccecnerovocronennecs 8.2
Nitrofurazone (CAS No. 59870) .cveveerocrrrarnannrocennonans 8.2
Phenylephrine Hydrochloride (CAS No, 61767) ceveeecrencccens 8.2

. -~ Dichlorvos (CAS No. 62737) cvveeeecsenesanaecsoesnnnocssnres 8.0
- Diphenhydramine Hydrochloride (BenadrylR) (CAS No. 147240) . 8.0
‘ Furosemide (CAS No. 54319) ..eceercreonencnnrnnanaocncnnens 8.0

< Nickel Sulfate (CAS No. 778681h4) iiienanaiieannaonn geeees 8.0 —

; . Phenolphthalein (C4S No. 77098) teeceecrenneansaenannansenes 7.7

.4 Ampicillin (Amcill") (CAS No. 6953L) teiiieiiiirononsonanans 7.4
= - Cadmium Nitrate (CAS No. 10325947) ceeevcncronsosencns eeeees 7.4
J Chiloramine (CAS No. 10599903) «ceveeneeacsconraronsneconncnes 7.2

Ephedrine (CAS No. Y71 %) D A 7.2

i Nickel Oxide (CAS No. 1313991) cieeennenen ecessesviuanes eves Je2—
P Phenytoin Sodium (CAS No. 630933) .eseceeranrcrenneraonncres 7.2

i Probenecid (BenemidR) (CAS No. 57669) cueeeeceesanosasrsanas 7.2

: Chlorpromazine (CAS No. 50533) ceaveccsncrccsssnsans eeeeeans 7.0

: 1,2-Epoxybutane (CAS No. JOG887) cevvevecrsconroccconassnans 7.0

i Glycidol (CAS No. 556525) seeeccccveennasanenrasnsesosnnnres 7.0

D L-Hydroxyacetanilide (CAS No. 103902) vevccsonnrssncnnnnenese 7.0
TN Methapyri-lene (CAS NO. 91805) sevevrecnrsonasoconnnasscsanns 7.0.
' N-Nitrosodiethanolamine (CAS No. 1116547) cuceceencoannecnns 7.0
Picloram (CAS No. 1918021) ...... Rieeererrassseresspas e e 7.0

: Benzathine Penicillin 6 (Bicillin } (cAS No. 1538096) ...... 6.8

i Epinephrine (CAS No. S143L) . .eeeecnenneansrasseearensananase 6.8

o Cinnamaldehyde (CAS No. 10552) ..eenveccrnanmnmocnrernacres 6.7

: 6-Methylcoumarin (CAS No. 7L 1:1:) B R .. 6.7

' ) Tetranitromethane (CAS No. 509148) ...... S ieseeessevmeavanes 6.6

. 2,3-Dibromo-1-propanol (CAS No. 96133) .eevevnnerracnvennees 6.5

1 ‘ 2-Amino-4-nitrophenol (CAS No. 99570) .eee-n feeeeecssenesaes 6.4

: ‘ Rhodamine 6G (CAS No. 939388) .....c.cceenevernnnocencnonecncs 6.3
; : 2-Butanone Peroxide (CAS No. 133823L) c.eiirnienacecceconens 6.2

: Carisprodol (somaR) (CAS No. 784kk) eeisecsesecesesseneras 6.2

v Cobalt (CAS No. 7440484) ..... Ceeeesaesseanas [ 6.2
Hexamethyl-p-rosaniline Chloride (CAS No. 548629) .ceveccees 6.2




Triamterene‘(CAS NO. 396010) wevvvaosnonmenronszmserecs e 6.2
Neohesperidin Dihydrochalcone (CAS No. 20702776) secevornnces 6.1
Quinidine (CAS No. 1Y) B seeesnnene 6.1
2-Amino-5-nitrophenol (CAS No. 121880) c.evresreorozencences 6.0
ois-Dichlorodiamine Platinum (11) (CAS No. 15663271) .eceeee 6.0
C.1. Pigment Red 3 (CAS No. 2425856) cevenocceons teeeasssses 6.0
Erythromycin (CAS No. T1LOT78) cvvevenmmennancmeneoonsenoenes 6.0
cibberellic Acid (CAS No. 77065) <.ceeens P R LLE R 6.0
Hydroquinone (CAS No. 123319) eevecenansnrnnnmanosomsennees 6.0
. 2-Mercaptobenzimidazole (CAS No. 583351) ceeevvcevarporarees 6.0
Propantheline Bromide (Pro-BanthineR) (CAS No. 50340) ...... 6.0
p-Quinone (CAS No. 106514) ceeeeeee eenes e eiseneeasrraasene 6.0
I-Amino-z,h—dibromoanthraquinone (CAS No. 81492) ..veceveens 5.7
Hexachlorocyclopentadiene (CAS No. T7UTH) veveerceroncreenes 5.6
Hexylresorcinol (CAS No. 136776) ceveevnroronmoesonsosecnors 5.6
genzaldehyde (CAS No. 100527) cevceecnen R TR TR R L 5.5
Organidin (CAS No. £634399) voeveensorranonenareressesetees 5.5
Indomethacin (tndocinR) (CAS No. 53861) veeeencceseanosnrons 5.4
2,4,6-Trinitrotoluene (TNT) (CAS Nol 118367} -ceee-- eeeeasee 5.4
Carvone (CAS No. 99590) ..cenecesoevacnn M eesacesssssssans 5.3
Azodicarbonamide (CAS No. 123773) eevcecoonorsonnosonansrrees 5.2
genzofuran (CAS No. 271896) evevnmmecennnssemanroms oot 5.2
Crotonaldehyde (CAS No. L170303) cecvevacconnonsrrnaoreens 5.2
],8—Dihydroxy-k,5-dinitroanthraquinone (CAS No. 81550) +.ee-- 5.2
Methylphenidate (RitalinR) (CAS No. 113451, 298559) ..eeece- 5.2
Butyraldehyde (CAS No. 123728) ceversenenennasseanaoosseers 5.0
C.1. Pigment Red 23 (CAS No. L AL I i 5.0
Cobalt Sulfate (CAS No. 10124433) cveevenaasnaaosenononnnons 5.0
. p-Nitroaniline (CAS No. 100016) ...ooremereneensommencomeess 5.0
a-Methylbenzyl Alcohol (CAS No. 98851) -ecusereenocncnmnrers L,
Wollanstonite (CAS No. 13983170) ceeevecceonnernecees teveses k.
Ethy! Bromide (CAS No. YL L L LR RRRR TR RLRRL LR T
Succinic Anhydride (CAS No. 108305) ceveecenncesnsosssanocss L,
Bromobenzene {CAS No. 108861) +evccccevcansnoncrse heeesesenn L,
p-Nitrophenol (CAS NO. 100027) +enesenocsommsenssonssosssss L,
Catechol (CAS No. 120809) ceeevecevnrossonmessrsaassersosel 4.3
Chloramphenicol (CAS No. 56756) vecevevevronnnssesnmesseoes 4.3
C.1. Pigment Yellow 74 (CAS No. 6358312) seveoscrennoreenens 4.3
Manganese Sulfate (CAS No. 7785877, 10124557) cecevccccneacss 4.3
Zirconium Oxychloride (CAS No. 7699436) .eeeeeccnenenenn eeo b
Furfural (CAS No. GBOTT) wevecnnemromnnnssosnmsnorssmzssssss L,

2,6-Xylidine (CAS No. 87627) L
Acetaldehyde (CAS No. 75070) seeecnerecnrurnsesunros ot k.,
Amphetamine (CAS No. BO151) cevercorovonrnnnsesemasnesnrens 4
N-(I,3-Dimethylbutyi)-N'-phenyl-p-phenylenediamine

: (CAS No. 793248) ......... -4
sodium Selenite (CAS No. 10102188) +vccevenonnnoncnnoneces .. b

ooooooooooooooooooooooooooooooo

3

. 2

N-lsopropyl-N‘-phenyI-p-phenylenediamine (CAS No. 101724) .. k4.2
2

1

1




_1,2-Epoxyhexadecane (CAS No. 7320378) ....... .

2,4,5-Trihydroxybutyrophenone (CAS No. 1421632) .ccevecenens 2

d-Limonene (CAS NO. 5989275) <eevcevevanenaanecnercnnncccces k.0
N,N‘-Bis-(l,h-dimethylpentyl)-pfphenylenediamine .

: _ (CAS No. 3081149) ...ceevenn. k,
y-Butyrolactone (CAS No. T 110 O L LR 5,
Benzyl Alcohol (CAS No. 100516)
Methyldopa (CAS No. 555306) +eveecresccccasacsssenaanssoaane
Nalidixic Acid (Neg Gram®) (CAS No. 389082)
Sodium Aluminosilicate (CAS No. 1344009)
Hematoxylin (CAS No. 517282)

oooooooooooooooo
oooooooooooooooooooo

-------------------------------

3

3

3

3
Furan (CAS No. 110009) ..eveecvereccnnnss ‘ 3
2,2-Bis(bromomethyl)~1,3-propanediol (CAS No. 3296900) ..... 3
2,4-Dinitroaniline (CAS No. 97029) Jieeececsncnvacaccsaroanse 3
Isophorone (CAS No. 78591) ..c........ eeeeeseaneanes cesess 3
Sodium Dichromate (CAS No. 10588019) vevcevevvenane ceseconns 3
Citral (CAS No. 5392405) ..c.cecevecccsrsccncscscrcaocsorances 3
Dimethoxane (CAS No. 828002) 3
Furfuryl Alcohol (CAS No. 98000) ..vevencccrnecnnnccncerecne 3
Nickel DUSEt .vecvrceccnnscaconnscs . 3
Papaverine Hydrochloride (PavabiodR) (CAS No. 61256) 3
Pentaerythritol Tetranitrate (CAS No. 78115)
Polyvinyl Chloride Latex (CAS No. 9002862)
Ferroselenium (CAS No. T1108706) ..cevivrenreecccccecncnncne

3

3

, 3

Primacione (MysolineR) (CAS No. 125337) .eveveereccecocnrene 3.
3

3

3

ooooooooooooooooooooooooo
ooooooo
ooooooooooooooo

B-Cadinene (CAS No. 523477)
Dimethyloldihydroxyethyleneurea (CAS No. 1854268) ..... ceees
N-Methylolacrylamide (CAS No. 92L4425)
Amobarbital Sodium (CAS No. 64437)

--------------------------------
oooooooooooooooooooooo

oooooooooooooo

2
3,4-Dihydrocoumarin (CAS No. T198LU6) veeevececcrcacosnnscans 2
Diatriazoate Dosium (CAS No. 737315) .cceevceverene teeenaens 2
1-{2H)-Phthalazinone {CAS No. 119391) ..eieveeicsccnnnnennen 2
Cyclandelate (CAS No. L56597) vecervcocoenaacns ceecssene cees 2
p-Dibromobenzene (CAS No. 106376) 2
1,3-Dibromopropane (CAS No. 109648)

oooooooooooooooooooooooooo

oooooooooooooooooooooooo

2
2-Amino-6-nitrobenzothiazole (CAS No. £285570) vevecescsaens 2
k-Chloro-2-nitroaniline (CAS No. 8963L) ceieeerirescaaneaons 2
HC Yellow No. 4 (CAS No. 5255167h4) .cueerrieroenccconcennnns 2.
o-Nitroanisole (CAS No. 91236) ....cecienecoineccnenannnence 2
1-( (4-Nitrophenyl)azo)-2-naphthalenamine (CAS No. 3025772) . 2
Tri{2-Chloroethyl)phosphate (CAS No. 1153586) 2
Tricresyl Phosphate (CAS No. 1330785)
Isobutyraldehyde (CAS No. 78842) ....c..cceecrievreccnnannnens

2

2

isosorbide Dinitrate {CAS No. 87332) teiiiiencceescoannsenes 2
2

2

2

ooooooooooooooo

----------------------

Nonanal (CAS No. 124196)

Selenium CAS No. 7782492) ,
p-Toluenesulfonyl Hydrazide (CAS No. 1576358)
Propionaldehyde (CAS No. 123386) - 2.
Methylcarbamate (CAS No. 558550) ‘ ~ 2.
I-trans-AS-Tetrahydrocannabinol (CAS No. 1972083) 2.

-----------------------------------
----------------------------------

oooooooooooooo




chlorinated Trisodium Phosphate (CAS No. 56802994) ceccenens 1.7
oxymetholone (CAS No. Ty 2§ I T 1.6
2-(Aminomethy1) furan (CAS No. 617890) .eveervennrccnenrcrnes 1.4
L-Aminopyridine (CAS No. EOY2US) weevnonmsmnnmsosazsasneees 1.3
Stearatochromic Chloride Complex (CAS No. 15242963) «eneeven 1.3
Diethyl Carbonate (CAS No. 105588) .euveaennavennonmereronss 1.2
Titanium (CAS No. I v R AR 1.2
n-Dodecylmercaptan (CAS No. 112550) ..... e eseesesseearens 1.1
Chromated Copper Arsenate (CAS No. 37337136) ceeecesacronnne 1.0
EDTA (CAS No. ANYY) DS POPPPPE R EE E R S AR 1.0

.8

isopropanol (CAS No. 67630) eeveecngemosmanrormenereseeeers 0
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TO: AD HOC INORGANIC NICKEL COMMITTEE

. ABEE -~ NUCLEAR - O0OAK RIDGE€

ANDREWS - HS&EA '~ NYO-22

BITSACK - HS&EA - NYO0-22

CONKLING - LINDE - TARRYTOWN

. FITZGERALD - AGRICULTURAL PRODUCTS - JACKSONVILLE
HAYNES - HS&EA - NYO0-22

JENSEN - LINDE - TARRYTOWN

KRAMER - CHEMICALS & PLASTICS - S. CHARLESTON
LAFRANCE - HS&EA - NYO0-22

MCDANIEL -~ HS&EA - NYO0-~22

STIEF - GASEOUS DIVISION PLANT - OAK RIDGE
SMITH -~ BATTERY PRODUCTS - ROCKY RIVER
WHITTLESEY - LAW DEPT, - NYO0-46
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CcC: ALLENBACH - METALS - NIAGARA FALLS
BOLTON - HS&EA - NYO0-22
CARMODY -~ HS&EA - NY0-22

LINCOLN, M.D. - HS&EA -~ NYO0-22
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TO:

CC:

DISTRIBUTION

GENERAL OCCUPATIONAL HEALTH COMMITTEE

C.
R.
N.
T.
R.
J.
J.
R.
H.
R.
R.
R.
T.
P.
0.
E.
E.
R.
J.
J.
V.

J.
G.

R.
C.

E.

W.
J.
M.
A.
A.
L.
F.

A.

B.
W.

ALLENBACH - METALS DIVISION - NIAGARA FALLS
ANDREWS - HOME & AUTOMOTIVE -~ WAYNE

BOLTON -~ HS&EA - NYO-22

CARMODY - HS&EA - NY0-22

CONKLING — LINDE DIVISION - TARRYTOWN
CWIKLA - FILMS~PACKAGING - CHICAGO-SUMMLIT
FITZGERALD ~ AGRICULTURAL PRODUCTS - JACKSONVILLE
HARDISON - CARBON PRODUCTS - PARMA

HAYNES - HS&EA — NYO-22

JENSEN - LINDE DIVISION - TARRYTOWN

JORDAN - NUCLEAR DIVISION - OAK RIDGE
KINDER - ELECTRONICS DIVISION - GREENVILLE, S. C.
LINCOLN, M.D. — HS&EA - NY0-22

McDANIEL - HS&EA ~ NY0-22

MUKHEJA - UC CANADA - TORONTO

PIERSALL ~ MINING - GRAND JUNCTION

SMITH - BATTERY PRODUCTS - ROCKY RIVER

VAN MYNEN - CHEMICALS & PLASTICS - NYO-21
WHITTLESEY — LAW DEPT. - NYO-46

WOOD - UC EURCPE - LONDON

YARBOROUGH - MEDICAL PRODUCTS - NYO-44

BROWNING - HS&EA - NYO-22
WAINWRIGHT - UC EUROPE - AMERSHAM, ENGLAND
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Dear Stan:

You have received copies of the letter and the summary .
table of epidemiologic studies that I sent to OSHA's Docket RO
Officer on December 21, 1979. The submission simply requested ~
that OSHA consider these studies when developing its schedule. - ’
for the revised nickel standard. At the same time, I asked .= ..
Dr. Bailus Walker, OSHA's Director of Health Standards Programs, ~
to meet with me to discuss timing and other matters related 'to -
the nickel standard. This letter is to inform you what I %
learned at that meeting and what I think we should do about it.

Dr. Walker, seven members of his staff and one person
from NIOSH met with one of my colleagues andé me on February 7,
1980. See the attached page for attendees. 'The meeting lasted
about three hours; Dr. Walker was present for mnearly two hours
We discussed a number of-topics --- some repeatedly -- and con- '
tinually emphasized that industry had been .and would continue
to be helpful. The following headings summarize topics of
interest. . : : SR : :

Approach to Rulemaking

OSHA made clear its intention to use the recently pro-
mulgated OSHA Cancer Policy to revise its occupational exposure
standard for nickel. I asked if they would consider a tradi-
tional 6(b) rulemaking while the OSHA Cancer Policy (OCP) was
beigg reviewed by the court. Dr. Walker said they did not plan
to O so. : e

If you have not already dome so, I suggest you obtain a
copy of the OCP (Federal Register, Tuesday, January 22, 1980,
pp. 5001-5296) and slug your way through it. Unless the cour L
invalidates all or portions of the policy, these are the rules. . .-
under which a nickel standard will be developed. You will find

them to be very restrictive. -

INCO LIMITED 1 First Canadian Place, Toronto, Ontario M5X 1C4
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OSHA is now preparing its "Candidate List" of potential
occupational carcinogens for publication by July 1, 1980. They
are also developing two lists of approximately 10 substances
cach which are candidates for rulemaking as Category 1 and
Category II Potential Carcinogens respectively. Rumor and gut
feeling indicate nickel is on the Category I priority list but
Dr. Walker refused to comment on this.

Just when rulemaking will begin depends mainly on what
the Court does to the OCP but also on the manpower OSHA can
devote to a nickel standard. OSHA still hopes to propose a
nickel standard this summer. Dr. Walker would make no commit-
ment to delay this event until the end of 1980 to permit
completing the epidemiologic studies. I argued that these
results would be invaluable. to OSHA but he would not yield. 1If
you are the sponsor'of~an'unfinished'epidemiologic study, I urge
you strongly to keep after your consultant to complete it as
soon as possible! -

Non-positive Epidemiologic Studies

Dr. Walker asked what we expected our epidemiologic studies
would show. I said we hoped they would show that the increased
incidence of respiratory cancer seen at times in the past was .
in fact confined to certain refinery operatioms in the nickel
-producing industry. If true, many of these studies would pro-.
duce so-called "non-positive results”.

Unfortunately, the OSHA Cancer Policy states that the . .
Secretary of OSHA will not even consider evidence showing-a -- -
non-positive result unless it meets the following criteria:

(1) The epidemiologic study involved at _least?
20 years' exposure of a group of subjects
o the substance and at least 30 years'
obgervation of the subjects after initial

exposure;

(i) Documented reasons are provided for pre-
' dieting the site(s) at which the substance
would induce cancer if it were carcinogenic .
in humans; and ERR

(1i1) The group of exposed subjects was large .
enough for an inerease in cancer ineidence =
of 50% above that in unexposed controls o
to have been detected at any of the
predicted sitese. PRI .
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Your consulting epidemiologist will tell you that the
first and third criteria are difficult if not impossible to
meet, particularly simultaneously. I returned to this subject
several times in the course of the afternoon but made no
progress. Dr. Infante explained the weakness of epidemiologic
studies as evidence that something is not a carcinogen. I
assured them we understand that such studies require careful
evaluation but that we could not understand rigid adherence to
the arbitrarily chosen criteria of 20 years exposure and 30
years follow-up. Under these rules, a plant that had been in
operation for 29 years could not even have its study accepted
for evaluation -- unless of course, it showed there was a cancer
hazard! I argued that the studies should at least be evaluated.

Please don't be too discouraged. We at Inco intend to
complete our studies simply because we believe there are useful
things to be learned from them. Furthermore, the court may make
OSHA behave more flexibly as I believe OSHA's present position
is not in compliance with section 6(b)(5) of the OSH Act.

However, there is a warning here that your epidemiologist
should consider when analyzing data and writing reports. 1
think he or she must compare groups of employees with varying
lengths of exposure and of follow-up to look for trends (or
the absence of trends) as the years of exposure and follow-up
approach the OSHA criteria of 20 and 30 years respectively. If
possible, he or she should isolate a group that meets the first
OSHA criteria even if it is too small to meet the third one.
Dr. Infante is particularly interested in seeing what fraction
of total man-years at risk is contributed by groups with long
exposure and follow-up. .

I will make available some data on latency periods from .
circumstances in which there clearly was.an occupational hazard.
Your consultant might be able to use these to decide at how =~
much less than 30 years latency an increased incidence of cancer
might have been expected to appear -- if it existed. We may
eventually be able to, provide some data indicating that exposures
of considerably less than 20 years were sufficient to put an '
exposed person at risk in certain circumstances. If your con-
sultant has some ideas for coping with OSHA's present position,

I hope he or she will share them with the rest of us. .

"Inorganic Nickel"

We asked if OSHA intended to regulate "inorganic -
nickel"™ as a substance or whether they would examine nickel
and its compounds one at a time. They said this had not yet
been decided. R a TR CUEUE S B
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I pointed out that OSHA was considering regulating the
insoluble compounds of one valence state of chromium, a rather
fine subdivision. I suggested OSHA consider nickel in at least
four different categories: metal and alloys; oxides; soluble
salts; and insoluble compounds such as Ni3Sj. They seemed
interested to learn that many plants could rule out the presence
of certain of these classes of nickel-containing substances.

I also inquired whether OSHA was considering establishing
different permissible exposure limits for different industrial
operations as they had done for cotton dust. OSHA had no comment.
I pointed out the vast difference between controlling emissions
from a plating bath and from a Pierce-Smith converter. I hope
Radian will lead OSHA to think along these lines.

Regulatory Analysis

Last October, OSHA contracted with Radian to conduct a
Phase I study to gather the information needed for a regulatory
analysis. The contract covered only two industry groups '
-- primary producers and stainless-steelmakers. We have been
explaining for some time that this was totally inadequate
coverage of a large and complex industry.

To our delight, we were told that the scope of Radian's - .
charter had been greatly increased. To our dismay, we later ,
learpned the funds available to Radian will be increased from

$80;000 to only $90,000. The increase 1is totally inadequate.

This simply means that if Radian asks for information we
should be as helpful as possible. If you have information you .-
think Radian would find useful, I hope you will volunteer it
if Radian doesn’'t approach you soon. Their report is due by
June 30th so they will probably need to have all their data in
hand by the end of April. ' :

Contacts 3
Several people present expressed interest in particuiérf
kinds of data. They would be happy to serve as contact people

at least until a nickel project officer is designated.

Epidemiology - Dr. Infante

Engineering feasibility - Drs. Hamna and Cram. One
of the staff volunteered that Dr. Cram, a new
OSHA employee, may be given the nickel project.
This was not confirmed. (It may be pure cir-
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cumstance but it worries me that Cram is a chemical
engineer. It could mean OSHA feels all the health
questions about nickel have been answered and that
the only remaining questions are about technical
feasibility.)

In vitro studies

Dr. Susan Harwood (not present)

Dr. Harwood and Dr. Patricia Marlowe
(not present)

Cindy Bascetta

Animal studies

Economic studies

Plant Visits

Several members.of OSHA's staff said they needed to learn
more about the industry and would like to make some plant visits.
We encouraged them to do so. We have invited them to visit our
Canadian production facilities and our Dr. Schaller is trying to
set up an efficient tour of nickel-consuming operations in the
U.S. I hope you will cooperate with him if he should ask you
to host a visit,

Sincerely,

JSW:jm
attach
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INTER-COMPANY CORRESPONDENCE //- 0
UNION CARBIDE NucLEAR COMPANY

Union Carbide and Carbon Corporation

A Division of

To: Dr. J. Se. Lyon Plant: CHGDP
Date: April 1C, 1959
Copies To:Ds Lo Stoddard subject.rdusnrial Hygiene Investization
File-RC of He alth Hazwards

~ was seen in the ORGDP Dispensary “

On April 6’ 1999. Hro'

with & complaint of nasal blockages allegﬂdly due Lo working wi th

Examination showed acute nasal mucous membrane irritation,

Sinusg X-rays

It was also learned that others working with the compound had had

nasal discharge and edema. showed minimai involvement.

some complaints. N

1% was obvious that Mr.. :had an acute rhinitis. Four possie
bilities presentsd themselves? (1) A simple rhinitis coincidental to
, (2) an individual allergy ’

working

(3) heavy dust loading of the atmosphere with secondsry '

of a pre-existing sinusites or (L) that.

aggmvat.ﬁ.on
was a respiratory jrritant. A simple

rhinitis was unlikely because of bhe history of exacerbation of
symptoms | ., Skin test with the material
vo determine allergy were all negative and thus tended to rule out

allergy as the cause.

that the use of this compound will bve

adopted in regular plant operations, it was felt that the health hazptrds

1 should be evaluated.

Since there is & possibility

from this materia

WCX-163 (8-55) This form for Inter-Company Correspondence only




is no information in the literature  so an independent

investiration was required.

rs was found that Zli employees had worked with. . If

a sericus respiratory itritant, 1i can be assumad that it
wonldscause more visits of these smployees Lo the dispenséi'y for
respiratary symptons. The individual records were each checked for
the numher of visite and revisits for respiratory complaints during
the period of January 1, 1959 to Merch 31, 19%9. During this time there |
were 11 initial visits and L revisits fer respirstory compisints, &
total of 15 visits from this group over a three-month period. The
number of visits and reviesits from these employess for respiratory
complaints during the period Januarye 1, 1968 o March 31, 1958 was
used as a control. During this time there were 10 initisl visits and
7 revisits for respiratory complaints, giving a total of 17 visits for
the three-month control pericd. There is cbviously no differerce
between the number of dispensary visits during the control period and

the period during which the employess were working -

 The twenty~four employess were then called in and Anterviewed individually

a® to any "symptoms" noted : This type

~{ -—




of study is certainly biased, but each employe- seemad 40 try to make .

an honest appraisal.. The results are as follcws:

{1; Sixteen (69%) noted some evidence of upper reepiratery irritation

t

/’Jindicated bty sneezing, sinus drainage, sensation of irritation

\and in & few cases tlood spotting of nasal secreticns.

e

(2) Four (17%) had chest symptoms of coughing or soreness. HNone
ware sure that this was duve Lo any exposure.

(3) Twenty (83%) indicated slight skin irritation evidenced by
dryness. pruritis, redress or slirht rash. The use of hand

lotions was effective in clearing the drymees.

Air analyses taken in t.horvork area indicate that the dust load and
dust count under normal operating conditions are so low that a non-
irritating dust would cause no symptomsin the average employee.
Unfifortunstely, we have no dust counts made in the early stages of

this operation when ventilation was inadequate and spills more f{requent.

Conclusionses

A study such as this can give no accurate date from which definite

conclusions can be drawn. The best calculated opinlons at which

I cen arrive are as follows:

(1)

(2)




e

(3):

Pt
::.—
o

Racommendations:
(1) ‘rovide adequate ventilation or closed systems in the area in

(2) Use of gloves in randling this material. Crotective creams
micht serve the same pUIPOSe, but Lhese nave not been evaluated.
(3) Use of care, and if nossible, a closed sysuem, in o-erations
requiring dumping or loading of this material.
(L) If adequate vertilatlon or closad system are provided, there
is no need for use of respiratory. Dumping and loadinc may
recuire the use of respirators.
' {5) "eassurance of all concerned shat t'ere is no indication
{ that this matericl is a serious healdh

hazdard.

To L. Ray, MaDe

TIR:nrd




